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ABSTRACT 


BEHAVIOR OF WIDE PLATES UNDER 
EDGE COMPRESSION 


by 
Philippe C. Gaucher and Sherman C. Reed 


Submitted to the Department of Naval Architecture and Marine Engineering 
on May 23, 1955 in partial fulfillment of the requirements for the 
degree of Naval Engineer. 


This investigation constitutes a continuation of a program being 
carried out in the Department of Naval Architecture and Marine Engineer 
ing under the auspices of the Society of Naval Architects and Marine 
Engineers. Work was started by Pittman and Rinehart in 1953 and their 
thesis of May 195) entitled "On Providing Uniform Edge Compressive Loads 
for Wide Flat Plates" should be consulted in conjunction with this 
thesis. This is necessary to obtain continuity of the work progressed 
thus far. 


The apparatus was designed by Pittman and Rinehart for use ina 
300,000 pound tensile testing machine. This machine proved to be un- 
stable at compressive loads above 50,000 pounds. Therefore, the original 
apparatus was modified as follows: (1) the loading heads were connected 
by 1" steel plates, (2) the load equalizing rams were also used to apply 
the load to the test plate, reaction being through the heads such that 
the 1" steel plates were in tension and (3) a load measuring system 
consisting of load cells using electric resistance strain gages, the 
cells being placed between ram and plate. 


The test specimens were the plates procured by Pittman and Rinehart, 
which represent one-quarter scale panels of 1020 steel such as are tisad 
on transversely framed ships. 


The object was to compare the experimental results to the theoreti- 
cal predictions, both for verification and for scale effects. Hitherto 
there have been no experimental investigations of panels with aspect. 
ratios of the plates to be tested. 


As a result of the work thus far accomplished, the following general 
conclusions are drawn: 


1. No scale effect is apparent. 

2. Initial curvature and eccentricity seriously affect the buckling 
strength of a plate. The method of testing makes it difficult to 
separate the two factors. Furthermore, extrapolating to elimi- 
nate these effects as is common in slender column work does not 
appear completely justified. 
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The predictions of Bleich are generally supported. However, 
some of the tests results were below theoretical values by as 
much as 0%. 

The surface condition of the plate is an important factor 
affecting the results. Data obtained from plate series having 
uniform, shallow pits as a result of shot-—blasting showed a 
marked degree of consistency compared to those having wide 
variations of surface conditions. 


In the set-up used, the following are the predominant factors 
affecting experimental results. 


(a) Eccentricity 

(b) Initial plate curvature 

(c) Load measuring instrumentation 
(a) Speed of load application 


(e) Determination of effective thickness. 
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NOTATION 
~actual plate dimension in line with the applied load 
-unsupported length of plate between a edge supports 
“actual width of plate 
-length of test specimen used to determine modulus of elasticity 
=plate thickness measure by micrometer 
=plate thickness t less depth of pits 
=width of test specimen used to determine modulus of elasticity 
~plate cross-sectional area based on t and b 
«plate cross-sectional area based on t’ and b 
-modulus of elasticity 
=gage factor 
~constant used to determine critical stress dependent on plate 

dimensions and edge conditions 

eapplied load 
—ultimate load carried by the plate 
—~Huggenberger tensometer scale reading 
-difference of strains on opposite faces at the center of the plate 
-strain in top surface of plate as measured by top strain gage 
=-strain in bottom surface of plate as measured by bottom strain gage 
“average strain at center of plate as determined from €, and <2 
=unit load in plate called stress 
“critical stress determined by various methods of data analysis or 
by theoretical calculation 
~—proportional limit of the material 
-—maximum stress carried by plate during buckling test 


~Poisson's ratio = assumed to be 0.3 
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I. INTRODUCTION 
A. General 

The purpose of this investigation was to continue the research 
project started by Pittman and Rinehart[5]. The Hull Structures 
Committee of The Society of Naval Architects and Marine Engineers is 
sponsoring this project to provide experimental verification of the 
theoretical buckling and ultimate strengths of plating panels commonly 
used in the shells of transversely framed ships. 

For the purposes of such experimental work, the framing behind the 
shell plating of ships divides the plating into individual panels having 
a variety of edge conditions. Each panel may be acted upon by direct 
axial loads, shear forces, and/or moments along either or both edges. In 
addition, the panels may be subjected to pressure forces normal to the 
plane of the plate. Variables which affect the plate strength are: 

(1) the plate length to thickness ratio; (2) the plate length to width 
ratios (3) the degree of plate edge rotational restraint; (lk) the panel 
boundary stiffness; (5) the effect of non-uniform distribution of load. 
It has been concluded by work already performed on this project eS | 
that small variations of the "uniformly" distributed load have no-appre- 
ciable effect on the buckling strength of the plate. 

B. Status of Project 

The program as outlined by Pittman and Rinehart to carry out the 
objectives of the sponsor is repeated below [5]: 

Phase I - To make a survey of the literature relating to the 

theoretical buckling and ultimate strengths and experimental work 

thereon; to determine the ranges of parameters for which experi- 


mental data was lacking or insufficient; and to find information 


—_ 





upon the effect and growth of unfairness. 

Phase II = To conduct buckling and ultimate strength tests for 

uniaxial edge compression on plates of such dimensions as are 

indicated by Phase 1, with loaded and unloaded edges simply 
supported. 

Phase III = To conduct buckling and ultimate strength tests for 

uniaxial edge compression on plates of such dimensions as are 

indicated by Phase I, with unloaded edges simply supported and 
loaded edges elastically restrained to varying degrees. 

Phase IV = To design, build, and evaluate a test apparatus for the 

accomplishment of Phases II and III. 

Pittman and Rinehart completed Phase I, and started Phase II by 
buckling one set of four plates. It was originally thought by the 
authors that Phase IV had already been completed, since the work done 
on Phase II was successful. Therefore, original plans for continuing 
the investigation called for completion of Phase Il, and preliminary 
work in Phase I1I. However, the 300,000 pound test machine with which 
the complicated plate jig was loaded proved to supply insufficient 
lateral support at other than low loads, thereby preventing the testing 
of a majority of the plates. Therefore, the authors were forced to 
design a 280,000 pound test machine using Pittman and Rinehart's jig. 
This task was successfully carried out, and plates of Se 
size composing one-half of the contemplated series of Phase II have been 
tested. 

C. Literature Survey 
In order to carry out as much of the research project as possible, 


the collection and interpretation of work existing in the field of 
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investigation was accepted. No preliminary literature survey was carried 
out, and only such literature that pertained to particular problems was 
consulted. 

D. Work Accomplished 

In the previously designed test apparatus, sufficient lateral 
restraint was lacking above approximately 50,000 pounds load, even 
though considerable redesign was made of the lateral supports. A new 
machine employing the original jig from head to head was designed and 
built. The whole assemblage was laid on its side changing original 
conditions by only a small amount (See Appendix B). A hydraulic load 
and control system was selected which used the rams of the original jig. 
A load measuring system composed of seven load cells was designed and 
built to accuracy standards commensurate with the varying ultimate loads 
expected. 

Simply supported plates as listed in Table I were buckled and ul- 
timate loads recorded. Bending data was taken at suitable increments of 
load during each test. Only one plate of the 50-1/) series was tested, 
the remaining three having been rendered useless in the original test 


apparatus. 
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Dimensions of Plates Tested 


TABLE I 


a ad " af a/b 
Plate Designation* (in. ) Vai’. ) (in.) (in/in) (in/in) 
4O=L/h=1 10.188 as 0.268 38.0 0.232 
2 " i 0.262 38.8 i 
3 u tt 0.264 38.6 i 
ly : : 0.258 39 tt 
5021; yal " u O22 45.8 ut 
San /3=1 " 32.8 0.226 45.0 0.310 
a) " nt 0.229 bh - 
3 tt u 0.216 47.1 " 
hy i t 0.222 45.8 " 
50-1/2=1 qu 21.9 Qg222 " 0.165 
2 tt nt 0.211 48.2 . 
3 nt if On 2a: u n 
hi " tt Oe2L5 6.6 tt 
POmci/ lp: n 43.8 0.158 6h oly 0.232 
S tt tt 0.158 tt tt 
3 tt tt 0.158 tt tt 
hy " tt 0.158 ° tt 
70-1/3-1 i 32.8 0.161 6362 0.310 
2 nt n 0.162 62.8 t 
2 u tn 0.158 64 oly " 
hi tt n 0.158 rT 19 
Tried Qe). t 2109 0.15k 66.1 0.4.65 
y) tt tt 0.15 tt tt 
3 it tt 0.154 n te 
h at n 0.15) n tt 
Note: All plates cut from rolled ship plate of 1020 steel. Each thick 


ness cut from the same rolled plate, laid out in the same 
direction. 


Plate designation numbers refer to nominal a/t ~ nominal a/b - 
plate number. 


The "b" dimension (unsupported length of the plate) is the 
overall dimension "b'" less 0.5 inches. 





II. PROCEDURE 
A. General 

The continuation of the plate buckling program presented various 
problems. A means of measuring, applying, and controlling loads was 
necessary to obtain the desired data. Furthermore, simple edge support 
on all four edges had to be maintained; variations from uniform stress 
distribution had to be minimized; all four plate edges had to be main- 
tained in tne same plane; and eccentricities of plate loading had to be 
minimized. The insufficient lateral restraint provided by the original 
apparatus necessitated reconsideration of all the above problems. 

B. Lateral Restraint 

Movement of the test plate and ballbearing raceways normal to the 
applied load could not be prevented satisfactorily above 50,000 pounds 
load in the apparatus as originally designed [5]. For this reason, a 
new rig was designed which eliminated the original 300,000 pound test 
machine entirely. The new rig was set up on the newly built test bed in 
the Ship Structures Laboratory of Building 41. By placing the original 
rig on its side, it was easy to attain adequate restraint in all direc- 
tions (see Fig. 27). 

The 18" wide-flange I~beams which served as test heads were pre- 
vented from moving apart by connecting them with a system of bed plates 
and stop plates which were bolted together, and which were in turn 
bolted to the test bed. Movement of the test specimen normal to the load 
was prevented by insertion of blocking between the ballbearing raceways 
and the bed plates. I-beams wedged with hardwood shims were used for 


this purpose. 
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C. Load Application 


The original system for providing uniform load distribution was in- 
herently capable of applying load. However, the limited travel of the 
rams and the necessity for allowing for ram compression under load made 
a system of gross adjustment of the distance between test heads necessary. 
This was accomplished by drilling bolt holes in the bed plates so that 
one set of stop plates could be moved in " steps (see Fig. 27). 

A compromise was made about ram spacing. The minimum length of 
plate which could be tested with seven rams was approximately 26". The 
maximum length of plate tested was l,.25" which necessitated a ram 
spacing of six inches between centers (see Fig. 1). Consideration of 
load measuring sensitivity discussed in Section D meant that, for low 
buckling loads, the number of rams applying the load should be small. 
Consideration of these requirements resulted in maintaining ram spacing 
at six inches for all plates tested. All fourteen rams (seven on each 
load edge) were used in buckling plate series 0-1/h, 50=1/h, and 70-1/). 
Four end rams were inactivated and the remaining ten rams were used for 
plate series 50-1/3 and 70-1/3. Four more end rams were inactivated and 
the remaining six rams were used for plate sizes 50-1/2 and 70-1/2. 

Load was applied by using a Blackhawk P-182 electric hydraulic high 
pressure pump (see Fig. 26). The pump was connected to the manifold of 
one set of rams, that carrying the load cells, while the remaining set 
of rams received the load indirectly through the test plate. The pump 
was controlled by using the bypass valve for variable control, and the 
needle valve for positive shut off. 

The hardened steel loading bars were supported by loading bar 


clamps on the end rams only. For plate series 50-1/2 and 70-1/2, only 
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the lower half of these clamps were used to avoid interference with the 
electrical connections on the load cells. Extreme care was taken to 
insure that the lines of action of both sets of rams were in the same 
plane. This alignment was determined by using a spirit level on the ram 
bodies and on a line joining the centers of the milled slots of the 
hardened steel loading bars. On one occasion the top bed plates were 
checked to assure that the rig was maintaining its planar configuration. 
A six-foot steel straight edge was placed on the bed plates while 
holding the load at 220,000 pounds. The bed plates were straight and 
horizontal. 

D. Load Measurement 

Load cells placed between the ram heads and the hardened steel 
loading bar of one set of rams provided a means of measuring the actual 
load applied to the test specimen, exclusive of ram friction and re- 
traction spring effects. The additional unsupported length necessary for 
the load cells was compensated for by rigidly attaching the load cell to 
the ram head, and by providing further lateral support to the ram bodies 
(see Figs. 27 and 32). 

Although several other systems were tried, the plate loadings were 
measured by using only three electrically active load cells. Electrical 
difficulties encountered in a seven load cell series-parallel system 
necessitated the use of the three load cell system. (See Appendix E.) 
The remaining load cells were used as ram extensions in the ten and 
fourteen ram loading systems. Each load cell has two axial and two cir- 
cumferential electric resistance strain gages arranged so as to give a 
maximum strain reading for a given load. The corresponding gages of 


each load cell were wired in series, and each set placed in the four 
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arms of a Wheatstone bridge so as to provide approximately 2.6 times the 
sensitivity of a single axial gages The series arrangement of gages 
averaged the loads of the three center rams to which the active load 
cells were attached. The external Wheatstone bridge was connected to a 
Baldwin Strain Indicator (Type L) which was used with a gage factor 
setting of 1.77 (the minimum) so as to give maximum sensitivity. 

No attempt was made to correlate actual strain in the load cells 
with total load since the effects of load distribution within the cell 
were unknown. The total load on the machine was derived from the load 
cell strain by using calibration data. The three active load cells to- 
gether with the rams to which they were to be attached were calibrated 
on the 300,000 pound test machine (M.I.T. #105). During calibration, 
the three rams and their load cells were placed on the 18" wide-flange 
I-beam on the lower head of the test machine. One hardened steel 
loading bar was laid on top of the load cells, and a 1/2" round bar was 
placed in the milled concavity of the loading bar to simulate the con= 
centrated loading of the plate edge segments. The upper head had no 
rams attached and consisted merely of the other 18" wide-flange I-beam. 
No lateral restraint was applied or needed. The electrical system was 
identical to that used for buckling plates. 

The load cells were calibrated against the 150,000 pound gage of 
the 300,000 pound test machine. This gage is accurate to 1/2% of total 
load (750 pounds). These runs were made to maximum total loads of 
95,000 pounds. Sizeable creep at high loads was eliminated by cycling 
the load cells several times to maximum load. This creep at high loads 
had to be removed before each series of plates tested since periods of 


inactivity caused it to return. It was ascertained during calibration 
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tests that a repeatable strain indicator zero indicated that the creep 
characteristic had been removed for a particular run. It was later de- 
termined that the creep phenomenon did not return in any appreciable 
amount for four hours (See Appendix E). 

Some runs were made to 50,000 pounds total load to check load 
measuring accuracy. Further runs were made up to 30,000 pounds using 
the testing machine‘s 30,000 pound load gage to determine the charac- 
teristics of the calibration curve near zero load. Data was sufficient— 
ly linear to permit use of a simple ratio of 169 micro-inches per inch 
for 95,000 pounds total load. Number one load cell was checked to 
determine the effects of the load concentration. This load cell was not 
one of those actually used for plate buckling tests, however. 

The hydraulic pressure in the ram system was recorded during the 
calibration runs using a 10,000 psi Blackhawk Z-720 pressure gage having 
one division per 100 psi. This gage was connected to the hydraulic line 
between the pump needle valve and the ram manifold. 

Recalibration of the load cells after the plates were tested was 
not carried out due to lack of time. No difficulty is anticipated in 
carrying this out at a later date. 

E. Test Preparation 

All plates were ground down to the bottom of their pits on both 
sides at the geometrical center to permit good adherence of strain gages. 
The plate surfaces near all edges were lightly ground to remove mill 
scale. Two strain gages were glued to the plate on opposite sides of 
the plate’s geometric center, oriented parallel to the applied load. 

Plate thickness was measured by taking at least twenty random 


samples with a Starrett #436 micrometer about 1/2" in from all edges. 





Pit depth was measured on both sides by using an Ames 88 dial indicator 
equipped with a special sharpened point. The flatness of the plates was 
determined by laying the plate against a vertical straight~edge, and 
measuring the maximum variation by using a ruler accurate to 1/6)". 
This measurement was called degree of unfairness and the curvature was 
confirmec by eye to be a smooth arc except as noted. Overall plate 
dimensions were checked by using a steel tape accurate to 1/32", but 
measurements determined by Pittman and Rinehart were actually used. 

The plates were placed in the ball-bearing raceways concave down= 
ward. The load bearing segments were affixed to the Beedges by using 
single lengths of resin-core solder and spring steel shims as described 
by Pittman and Rinehart (5 }. The load bearing segments were loosely 
shimmed concentrically, but the size of shims required varied within 
each plate series. Actual sizes were not recorded. 

Before testing on a given day an 8" x 8" wide flange I-bean, 
specially bracketed to withstand high leads, and with a one-inch round 
bar attached to either flange to simulate test specimen conditions (see 
Figse 31 and 32), was inserted between the hardened steel loading bars. 
Hardwood blocks were used to wedge the H-beam into proper alignment and 
to prevent side sway. The test machine was then cycled a sufficient 
number of times to obtain a strain indicator zeros, repeatable within 20 
Micro=inches per inch. After cycling was completed, the H-beam was re= 
moved and the union of the rams and load cells was checked for looseness. 

The prepared test specimen was then carefully inserted into the 
machine and pushed against the wunretracted rams. The other pair of \" 
I=beams were then inserted and the whole test specimen assembly was 


aligned by the use of hardwood shims. For long plates which sagged due 





to their own weight, a light wire sling attached to a chain fall was used 
to lift them into alignment. The sling was cast off after sufficient 
load had been applied to center the Beedges into the milled grooves of 
the hardened steel loading bars (except for one test). 

Except for the first plate tested, the two strain gages on the 
plate were 2ach connected to a separate Baldwin Strain Indicator. An 
alternate switching system was used with a single strain indicator for 
the first ,.ate. A 3" angle with one planed edge was used as a track 
over the top two bed plates for a dial indicator. The dial indicator 
was equipped with a 5" probe to take the deflection measurements of the 
plate at the edge near the load cells. The deflection measurement system 
was used for plate series 50-1/2, 70-1/3, 70=-1/2, and 50-1/3-3. 

F. Buckling Tests 

Zeros were taken on all three strain indicators when retraction of 
the rams showed no further change in the load strain indicator. Solder 
gaskets were then set at some arbitrary proportion of total expected 
buckling lead. This averaged between 300 to 500 psi on the pressure 
gage. New strain indicator zeros were then taken after the load was 
released. 

The load was applied by using a P-182 high-pressure electric pump 
controlled by the by-pass valve. The “master” instrument was always the 
Load strain indicator. The galvanometer of this strain indicator pro~ 
vided a very sensitive indication for the pump operator. The other two 
strain indicators were 5imultaneously and continuously balanced during 
load application, except where it was physically impossible during the 
latter part of each test. Here the time required for simultaneous 


balance caused considerably more interruption in the smooth application 
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of load. In one case, a run was made while allowing full yield at each 
loading. Pump overheating prevented further employment of this method. 
Test runs were discontinued and the ultimate loads recorded when 
total load began to decrease. The rams were then retracted and the load 
strain indicator zero recorded. In most cases, plate strain gages were 


broken by the test and no zero could be recorded. 
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Iii. RESULTS 

Buckling Tests 

Twenty-five plate specimens were tested to ultimate failure. The 
ultimate loads are shown in Table II. The bending curves based on 
applied load versus strain-difference are shown in Figures 2 through 8 
in Section IV. 

The failure of each plate was noted to be one noded in both a and 
b directions. 

Two strain gages were placed at the geometrical center of the 
plate, one on each side, opposite each other. The difference of these 


strain gage readings 1s a measure of the bending in the plate. 


So 





Plate Designation 


ho 


50 
50 


50 


70 


70 


10 


= 


a 


1/u = 


1/4 = 
1/3 = 


1/2 = 


1/4 - 


1/3 - 


1/2 = 


PWNRP WNP EWNPRP FW nrPewne rw ve 


TABLE II-A 


Results of Buckling Tests 
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Young's Modulus 
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Plate 
Desig. 
hO-1/h-1 
2 
3 
hy 
50-1/h-ly 
S0-1/3=1 
p, 
" 
4 
50=-1/2=1 
2 
3 
h 
70=1/h=1 
2 
3 
h 
70-1/3=1 
2 
Ee: 
h 
70=1, /2—1 
2 


3 
b 


Tt 


(exp) 
(Ksi) 


L6¥22 
15.39 
17.85 
Lily 
10.43 
1h.73 
12.84 
12.39 
167 
14.83 
Lief 
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TABLE I1-C 


Buckling Tests 
(based on +!) 


Plate 0 ult Ter Tcr Tor Tor 
Desig. (exp) (theor) (PeO.kK. (Donnell) (Southwell ) 
(Ksi) (Ksi) (Ksi) (Ksi) (Ksi) 
0-1/1 18.75 15.81 yan 20.3 2980: 
2 18.16 14.50 16.5 20.3 2041 
3 19 48 120 176 22.5 21.9 
ly 15.27 16.90 2g 8 17.9 18.0 
50=1/hah J1.12 ee 10.5 12n0 12.6 
50-1/3-1 16.09 13.51 1502 1700 1631 
2 13655 14.87 P20 Lho9 Lhd 
3 1Lgw22 12.90 n2).5 125 ae. 
hy 12. 36 13.90 11.0 1259 13.8 
50-1/2=1 16.0 uoeT 2 Wy.S LGe8 L7ol 
2 Nery 7 13.89 18.5 20.3 2033 
3 15046 1.62 Lhd per6 Y7aS 
h 15021 16.50 Lace 18.) 18.9 
70=L/y=1 veya 6.22 4050 6.72 6.61 
2 8.19 6.22 7.01 8 hi 82h 
3 6079 6.22 5095 f «GO 7070 
F 7 o48 6.22 Cour 7269 8,67 
70-1 /3=1 6.59 Fok 5092 6.97 7.08 
2 6.22 7.38 e775 6.6) 65h) 
3 6.62 668k 5.99 703k 1338 
hh 707 6.84 6556 748 7 039 
70=1/2=1 10.93 7077 LOed Lhel 13.6 
2 12.20 7 66 10.7 Lhe Tee 3 
3 lie? 2 7096 OS7 14.0 14.0 
hy 13.87 7 fe 1205 15.8 1 ee 
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IV. DISCUSSION OF RESULTS 

A. General 

The interpretation of any plate buckling data is a subject for con- 
siderable discussion because of the large numbers of variables that may 
effect the plate critical strength. To aid in the proper evaluation of 
results, «ch plate was considered individually and bending curves drawn 
(Figures 2-8). These curves were analysed using the "top-of-the-knee" 
method [ 5 | vs obtain critical buckling stress. Donnell's and Southwell's 
methods were also used to obtain another value of critical buckling stress 
(Figures 8=20). Theoretical buckling stresses using formulae from 
Bleich and Ramsey [2] were calculated for each plate using experimental 
values of the modulus of elasticity. No plates of the series tested 
had critical stresses in excess of the proportional limit so no cor- 
rection for this factor was required. 

Values of the ultimate stress, theoretical critical stress, and 
interpreted experimental critical stresses are summarized in tables 
II-B and C on the basis of average micrometer thickness and average 
micrometer thickness minus measured pit depths. Donnell's and South- 
well'’s method give approximately the same results with Dewwiel being 
Saeier to interpret. However, the results by this ieteeD eee sion are 
generally higher than the ultimate stress experienced. These methods 
were devised for analysis of eccentrically loaded columns which do not 
carry additional load after failure such as a plate may do even though 
central elements have failed. Even though these methods correlate 
better with theoretical calculations based on Bleich and Ramsey [2] , 
it is felt that this agreement does not necessarily make them any more 


correct. 


-/9- 


+ —— — tee 
@ > 
= gm Ne ~~“ a 
om 





see aad Ce 
ne ee” Ao 


_————— —- ae 


ee et hh © os et bet OS of Ii 










a 


; 7 
— eae a) ~~ 





If all plate conditions were exactly as assumed, each plate of a 
particular’series would buckle at the same stress. Interpretation of 
data by Donnell's and Southwell's methods are misleading. These methods, 
devised for columns, give an analysis for determining critical load at 
zero eccentricity. This eccentricity is the major cause of early 
failure in columns. Using these analyses for wide plates gives poor 
results, since simple column theory is not strictly applicable. The 
interactic.. of several variables affects the data such that an analysis 
based on eliminating eccentricity alone (assuming negligible effect from 
the others) is felt to be inadequate and misleading. Since there are 
several variables to be considered for each series, a simple comparison 
by the "top-of-the-knee" method is felt to be best suited. Percentage 
comparison of results by this method based on Bleich and Ramsey's [2] 
predicted results are listed in Table IV-B. . 

The intersections of the tangents in the T.0.K. method should have 
a relationship within a given series. Similar plates with varying 
eccentricity or initial deflections will behave such that the critical 
load will decrease as the eccentricity or initial deflection increases. 
The plot of the intersections should result in a curve which, when extra- 
polated to the load axis, will give the critical load for zero eccen- 
tricity and zero initial deflection. However, correlation by this method 
was poor except as noted in section IV-C. 

B. Variations from Theoretical Conditions 

In order to analyse each plate series separately, a summary of 

possible variations from conditions assumed in theoretical calculations 


is necessary. 
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l. Eccentricity of Loading 
Eccentricity of loading was not eliminated in these tests but the 


exact amount present was impossible to measure. The nature of the machine 
should permit some repeatability of a given eccentricity in a particular 
series by identical blocking and shimming. The direction of the opposing 
forces was checked between runs by using a spirit level on the rams and 
loading bars. No appreciable change in eccentricity was observed beyond 
occasional Loosening of the union of load cell and ran. 

2. Initial Plate Curvature 

Initial plate curvature has a similar effect as eccentric loading 
in reducing critical buckling stress. Curvature in the long dimension 
only would tend to increase critical stress. But curvature in the short 
dimension will reduce the critical buckling stress by initiating early 
bending. The first plate tested (0-1/-1) had no initial curvature and 
buckled.dowmward. Therefore, any plate with initial curvature was set 
concave down to counteract the apparent eccentricity and to reduce the 
initial curvature by sagging. It is felt that, to an extent, initial 
curvature was used to offset ¢ocentricity. 

3. Uniform Distribution of Load 

The actual loading on the plates depended on the ram spacing and 
the stiffness of the hardened steel loading bar. The ram spacing chosen 
was a compromise between sensitivity of load measuring and sufficient 
points of load application to the hardened steel loading bar. Since 
relative stiffness of the bar increased as the "b" dimension of the 
plates was made shorter, it was felt that little could be gained from 
moving the rams closer together. (See Figure 1 for ram spacing.) Thus, 


uniform edge loading was more closely attained for aspect ratios of 1/\ 
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compared to those of 1/2. 

4. Edge Rotational Restraint 

As concluded previously [5] rotational restraint appears to be 
negligible. Any restraint would tend to increase the critical buckling 
stress. The results indicate no such effect and therefore edge rotation- 
al restraint is considered as negligible. 

5. Planeness of Edges 

The cvndition that all four edges of a plate remain plane is 
essential to the theoretical development of the plate equation [1 | : 

The short edges were forced to remain plane by the ball bearing raceways. 
The sharp crease at the plate corners after being buckled in some of the 
cases is testimony to this fact (see Table XVIII). 

Doubt was felt about the "b" edges So measurements of lateral de~ 
flections were made at the load cell "b" edge during many of the tests. 
Results indicate that the milled grooves in the loading bars forced the 
b-edges to center up and straighten until the final stages of the test. 
It is believed that the large bending of the plate just before failure 
results in less lateral restraint from the milled groove of the loading 
bar at the center of the "b" edges since the loading bar has some stiff- 
ness. Therefore, it is concluded that poor shape of the "b" edges of 
the buckled plates, especially in the small aspect ratios, occurred 
during the very last part of the tests and did not materially effect 
the results. 

The fact that the load cell "b" edge showed greater distortion can 
be attributed to inertia in the rams « Hydraulic pressure was applied 
directly to this set of rams alone. Any load equalization among rams on 


the parasite side would lag the load application side. It is therefore 
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concluded that future tests use an equalizing line between manifolds to 
minimize any possible effect from this cause. 

6. Effective Thickness 

Plate surfaces varied considerably between series. The 1/" thick- 
ness plates were in the worst shape since pitting and scale was general 
and severe. Since such pitting and scale must reduce effective thick- 
ness somewhat, it was decided to make a gross comparison by considering 
thickness =o the bottom of all pits and compare results with those ob- 
tained using micrometer thickness. Since test and theoretical values 
are related by the cube of the thickness, the true thickness is highly 
important and will be discussed by individual plate series. 
C. Analysis by Plate Series (See Tables II, IV, and XVIII) 


1. hO-1/ (Figures 2, 21) 


These plates buckled in a definite plastic hinge, failure occurring 


~ 


With considerable suddenness. Correlation of critical buckling stress 
determined by the "T-O~K" method with theoretical values on the basis of 
t is poor. Using ‘! as a basis, however, permits good correlation of 
plates #1, 2, and 3e Plate #4 shows early bending indicating eccentri- 
city since the plate had no measurable curvature. An attempt was made 
to extrapolate to zero eccentricity using the tangent intersections of 
the T.0.K. curves but the points plotted erratically, making it in-~ 
possible to obtain a critical stress at zero eccentricity. 

Estimates of pit coverage are eye estimates only. Therefore, any 
attempt to establish a true effective thickness is arbitrary. It is 
concluded that inaccuracies in determination of thickness is the largest 
variable in this series. Furthermore, values of critical buckling stress 


based on t appear to be generally below theoretical predicted values 
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while use of t' gives better agreement between experimental and theore- 
tical values. 

2. 50-1/4 (Figures 8, 21) 

This series contains but a single plate; hence there is little 
value in the result. Thickness considerations do not appear to make 
much difference. A complete series would be desirable, since the early 
bending indicates that considerable eccentricity is present. Examination 
of the curv; of average strain at the center of the plate indicates a 
decrease in strain at high load. This is probably because the loading 
bar stiffness redistributes the load away from the center as the plate 
buckles. 

3. 50-1/3 (Figures: 3, 21) 

The plates of this series show the effects of eccentricity and 
initial curvature quite clearly. There appears to be an interplay of 
the two effects in plate #1 and more particularly in plate #3 where the 
plate attempted to buckle in one direction and reversed as the eccentri- 
city forced it to buckle down. Since the initial curvature was up, it 
may be concluded that whatever eccentricity is present increases with 
load. This might be caused by elasticity in lateral restraint. This 
increasing eccentricity tends to counteract initial curvature if the 
plate is placed concave down. Initial curvature in plates #2 and #\ 

did not counteract eccentricity and plates behaved as eccentrically 
loaded. Thickness considerations are also important here since pits 

are deep and general. It may be concluded that plate #1 seems to balance 
the effects of eccentricity and initial curvature so that considering a 
possible reduction in effective thickness, the experimental value of 


critical buckling stress agrees very well with that obtained by theory. 
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h. 50-1/2 (Figures h, 22) 


In this series non-uniform distribution of load may be appreciable 
since the effect of the loading bar stiffness appears on the average 
strain curves fairly early. This effect is counteracted, however, since 
bending is sufficient to make stress on one side exceed the proportional 
limit for ~lates #2, 3, and } long before buckling. Since the real 
average stress is not then proportional to the average strain, the 
strain curve bends to the right. This fact plus inspection of the 
average strain curve indicates that the plastic hinge does not form 
suddenly in this series as it did in the h0-1/l series. 

Eccentricity, initial curvature, and effective thickness appear to 
influence the results as in the 50-1/3 series. As before, initial cur- 
vature in plate #1 was overcome by eccentricity and the plate buckled 
down. It appears that the bending in the reverse direction initially 
weakens the plate so that a plastic hinge buckle more quickly forms when 
the bending reverses. Again attempts to correlate results by considering 
the coordinates of tangent intersections is inconclusive. Considering 
the inaccuracy of the percentage estimate of pits, plate #2 is considered 
a good corroboration of theoretical buckling stresses. 

5. 70-1/ (Figures 5, 22) 

Study of the average strain curves for this series indicates that 
again the steel loading bar has less effect on the uniform distribution 
of loads just before failure if the aspect ratio is low. But the unique 
feature of this series is the absclute uniformity of shallow pits. Thus 
we are able to evaluate the results considering fewer variables. A 
simple plot of the intersections of the tangents to the bending curves 


appears to correlate well, indicating a critical stress slightly above 
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that of plate #2. Therefore, experimental results confirm theoretical 
results within a few percent. An exact comparison is not useful since 
the precise effect cf pits is not determinable. These plates appear to 
have been thoroughly shot blasted and are of extremely uniform thickness 
which make them unique among the various series tested. 

Of further interest is that extreme bending in plate #1 appears 
to have been caused by initial curvature alone whereas in #3 and 
eccentricity easily overcame almost the same initial curvature. This 
would indicate that in this series eccentricity varied considerably 
among the plates. 

6. 70~1/3 (Figures 6, 22) 

While the surface condition of this series is good, it is not quite 
as good as the 70-1/h series. This does not explain the fact that 
attempts to plot tangent icsbegutiivons are not very rewarding. However, 
there is an indication that the critical buckling stress is somewhat 
higher if there is no eccentricity or curvature. Relatively few readings 
were taken with plates #1 and #2, and points are scattered in both the 
bending and average stress curves. Plates #3 and h show smooth plots 
with a particularly smooth plastic hinge development as shown in the 
average strain plots. It is felt therefore that #3 and ) may be ex- 
trapolated to zero eccentricity and zero initial curvature with some 
assurance. The result is in agreement within a few percent of predicted 
values but not as close as with the 70-1/) series. 

7. 70-1/2 (Figures 7, 23) 

The values obtained from this series are consistently very high 
compared with theoretical predictions. Thickness is quite uniform and 


may be ruled out of this case because consideration of pits only increases 
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the difference. The bending curves are unique in that they show a per- 
sistent linear load increase after the "knuckle" until sudden yielding 
causes a second knuckle. It would appear that the material experiences 
not only yield but also a sort of ultimate loading. Distribution of 
loading is non-uniform toward the end of each run for this aspect ratio, 
but the eff2cts do not appear serious. 

The only difference in testing procedure for this series was that a 
large numbe. cf readings were taken at close to failure loads. Holding 
the load steady for a longer interval may have permitted adjustment of 
the loading throughout the plate so that bending was not localized. 

Fortunately, plates #2 and 4 have little apparent eccentricity. In- 
spection of their bending curves shows that disregarding the second 


knuckle will give the following results based on t. 


Per cr (exp) Csr (theor.) 

(kips) (Ksi) (Ksi) 
70-1/2~2 28.0 ‘33 8.66 
70+1/2—h 28.6 8.48 8.66 


The results are therefore good and seem to bear out a conclusion that 
slow application of load will give better results. It should be bome 
in mind that these particular plates show an unusual lack of eccentricity 
permitting the isolation of this added variable. 
D. Accuracy of Load Measurements 

The method used for measuring load employed three load cells in 
electrical series, sampling the load from each of three rams and averaging 
the result. The load cells were calibrated in a 300,000 pound test 
machine against a gage accurate to 750 pounds. Since the three load 
cells were subjected to 95,000 pounds total load, a possible error of 


3/u% is predicated. Good repeatability of the calibration data indicates 
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that the load cell measuring system is consistent within the accuracy of 
the 300,000 test machine. Ureep gives some loss in accuracy, but careful 
cycling minimizes this effect, keeping the total error within two percent 
at high loads (see Appendix F). 

Of pressing interest is what happens when three load cells sample 
the friction variations from five and seven rams. Table VIII gives some 
idea that load variations among rams may be as much as ij percent. Of 
course, th: presumption that each load cell is identical in reaction to 
a given load is necessary for this evaluation. Pittman and Rinehart [5], 
under more carefully controlled conditions, estimated an average friction 
force of 5% of applied load. According to Table VIII, the three center 
rams have approximately average friction. Therefore, use of these three 
load cells to sample the load will give a representative value of the 
load applied by the five or seven ram combinations. It is estimated 
that the error may be as much as three to five percent under these con- 
ditions. However, this error can be reduced by recalibrating the machine 
since the three load cells may be accurately checked with five and seven 
ram combinations. 

Of course, it is assumed that lapse of time has not changed cali- 
bration conditions. There would be little worry about this factor if it 
were not for the unexplained failure of the seven load cell circuit to 
perform as expected (Appendix F). A recalibration should be performed 
either before further testing or after completing the tests of the re- 
maining plate series. 

It is concluded that a total error of one to six percent of total 
load is possible with error increasing with the number of rams and the 


total loading on a given set of rams. 


-?&- 


E. Recapitulation of Error 

The results of these tests indicate that errors arise chiefly from 
eccentricity, plate initial curvature, errors of load measurement, speed 
of load application, and measurement of effective thickness. Further 
error may result from improper determination of the modulus of elasticity 
(appendix F). The exact interplay of these factors need precise atten- 


tion in future work. 
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V. CONCLUSIONS 

l. Interpretation of data is difficult because several variables of 
indefinite effect are present. 

2. The Top-of-the—Knee method of data analysis seems to be the 
most realistic. 

3. The actual effective thickness of the plate is critically im 
portant for both experimental and theoretical considerations. This 
effective thickness appears to be somewhere between t and t'. 

lh. The test frame, loading arrangement, and measuring system 
functioned satisfactorily. 

S. Eccentricity and initial plate curvature interact to affect 
the results obtained, but this method of testing does not allow a pre- 
cise segregation of these factors. 

6. Uniformity of loading need only be approximated since this has 
only a minor effect on the results. 

7o Edge conditions do approach simple support. 

8. Edges remain in a plane until the last stages of the test when 
yielding of the plate reduces the lateral restraint provided by milled 
groove of the loading bar. 

9. Best results are obtained with a series of plates which have 
uniform thickness with uniform, shallow pits. 

1O. Rate of applying the load affects the data. Small incremental 
increases of the load in the critical range results in a "double-knee" 
curve with the lower knee defining a critical stress that correlates 
very well with Bleich's predicted value. 

ll. The final phekiaa shape can be expected to be a plastic hinge 


for plates having a/b and a/t ratios similar to the plates tested. 
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12. Error of load measurement is estimated to range from one to six 
percent, increasing with total load and number of rams used to apply the 
load. 

13. The major causes of experimental error are (1) eccentricity, 

(2) initial plate curvature, (3) load measuring instrumentation, () speed 
of load application and (5) the measurement of effective thickness. 

14. The results show fair agreement with Bleich's predictions. 

15. There dees not seem to be any scale effect except that, in 
large panels, pit depths will be of the same order of magnitude as in 
the test panels. Thus the reduction from overall thickness to effective 


thickness will be less, percentage wise, for full scale panels. 





VI. RECOMMENDATIONS 


1. Recalibration is strongly recommended using the three center 
load cells as electrically active when three, five, or seven rams are 
applying the load. 

2. Remaining plates should be shot blasted before being tested 
to reduce pit variations. 

3. The test machine must be cycled immediately before conducting 
a test. 

l,. Ram alignment should be checked between test runs. 

5. While testing a given series, required shimming should be 
placed in the same location for the different plates to reduce 
eccentricity variations. 

6. Plates should be inserted concave down into the test rig to 
reduce initial curvature. 

7. Use the pressure gage to estimate the load when cycling. Do 
not use it as a load measurement during testing except as a rough check 
against overloading the test frame. 

8. The Top=of-the=Knee method is recommended for analysing the 
data. 

9. Use the plot of load versus average strain to check the funce- 
tioning of the test apparatus. J1f bending is not severe at the start of 
a test run, this plot should show a linear relation between P and €e . 

10. The modulus of elasticity for the 5/32" steel should be checked 
before further analysing plates of this thickness. 

ll. A separate study is required to determine effective thickness. 


A relationship correlating measured overall thickness, pit depth and 
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coverage, to the effective thickness is not available at present. 

12. The load measuring system can be improved considerably if the 
expense can be justified. New load cells made from special high yield 
steel (oy = 150,000 psi) will probably eliminate the creep phenomenon 
experienced in the present load cells of CRS steel. This would eliminate 


the need for cycling the test machine, which means a great saving of time. 











A. SUPPLEMENTARY INTRODUCTION 


After the completion of the work of Pittman and Rinehart, it was 
contemplated that further simply~=supported plate buckling tests would 
proceed without difficulty. To this end Gaucher and Rinehart attempted 
to continue the program during June, 1954, with completion anticipated 
by the present authors. However, it was found that lateral restraint 
of the ball bearing races could not be maintained under higher loads. 
Specifically, the arrangement of angles and rods which provided lateral 
restraint failed at approximately 90,000 lbs. load during the test of a 
plate. This difficulty terminated plate testing by Gaucher and Rinehart. 

The authors attempted to eliminate the problem by designing a new 
lateral restraining system. Since it was calculated that the previous 
system had failed at approximately 6,000 pounds per rod, the authors 
felt that the new system should be designed to at least double this 
load, based on the assumption that the lateral load was caused by 
eccentricity and would therefore vary linearly with the applied load. 
The new design eliminated the turn=-buckles, replaced the angles with 
8" x 8" wide=flange I=beams, and replaced the 3/8" rods with 1/2" rods 
terminated in welded loops and eye=bolts. Lateral adjustment was made 
through use of lock nuts on the eye~bolts (see Fig. 2h). 

One of the 50-1/l plates was placed in the modified apparatus in 
accordance with the procedure outlined by Pittman and Rinehart [5]. As 
the load was applied, it was necessary to tighten diagonally opposite 
lateral supports, indicating a rotative couple. When the load reached 
60,000 pounds, it was noted that the upper head of the machine had moved 
laterally approximately two inches, relatively independent of the re- 


strained plate. The test was terminated at this point because of the 


— 7 - 





Figure 24 


Original Test Apparatus 


Original test apparatus 
showing modification con- 
Sisting of he:vy tie-rods 
and eye bolts connectéd to 
reinforced 8" wide flange 
I=beam. 





Figure 25 


Ruined Test Plate 


Test Plate in original 
test rig after removal of 
load that resulted in 
twisted b edge. (Note 
curved line of segments) 
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obvious eccentricity induced. It was then noted that the hardened steel 
bar with its milled concavity had forced the upper edge of the plate to 
curl over (Fig. 25). 

The results of this test indicated that not only did the ball 
bearing races need further restraint, but also the upper head of the 
300,000 pound testing machine as well. The movement of the upper head 
appeared to result from the long unsupported lengths of four inch 
threaded shafting upon which the upper head traveled. The fact that the 
test apparatus, for practical purposes, consisted of a long relatively 
slender column with elastically supported ends broken by two pin joints 
(the two segmented edges of the test plate) meant that the problem was 
considerably more difficult than at first contemplated. The importance 
of the double pin joints was further demonstrated when calibration runs 
were later carried out up to 220,000 pounds without difficulty. The 
calibration set-up consisted of a single pin joint, one set of jacks, and 
no lateral restraint whatsoever. 

Lateral restraint for the upper head proved impractical in the 
following ways. The existing test machine frame was insufficiently 
strong at the height required and would have required a complex support-— 
ing truss. The problem of attaching lateral restraint to the upper head 
would have been difficult without altering the 300,000 pound test machine 
itself. The complexity of any designed arrangement would have rendered 
its use impractical in view of the intense and varied testing programs 
carried out on the 300,000 pound testing machine. There was a further 
question as to the load to which the lateral restraint would have to be 
designed since it was not known precisely what proportion of the lack of 


stiffness of the upper head could be blamed on eccentricity or instability. 
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For these reasons it was felt that a new machine which could be devoted 


to plate buckling projects should be designed. 





B. DETAILS OF PROCEDURE 
1. Design of New Test Apparatus 

a) General 

The impossibility of providing sufficient lateral restraint for the 
testing jig of Pittman and Rinehart in the 300,000 pound testing machine 
indicated that some form of radical departure from the existing set-up 
was necessary. Recently there had been a new test bed built in the Ship 
Structures Laboratory located in Building hl. This bed is composed of a 
gridwork of I-beams imbedded in concrete. The twenty ton Blackhawk rams 
used by Pittman and Rinehart for load distribution were also available 
for load applications. The design problem presented can be divided into 
three parts. It was necessary to design a simple hydraulic system with 
sufficient capacity to supply seven twenty-ton rams and yet retain fine 
control at all loads. Further, a test framework was required to main- 
tain both lateral restraint for the test plates, and support for the 18" 
I~beam heads under loads of up to 280,000 pounds. The most difficult 
part of the problem was the design of a system for measuring loads with 
an accuracy approaching American Society for Testing Materials standards 
for a range of loads of 25,000 pounds to 280,000 pounds. 

b) Hydraulic load application and control. 

At first, the authors felt that hydraulic loads would have to be 
applied from both sides of the test plate in order to insure maximum 
flexibility in the use of the machine. However, variations in the 
strength of the ram retraction springs meant that there would be con- 
siderable difficulty in maintaining alignment. Therefore, the rams on 
one side of the test plate were not directly connected to the hydraulic 


pump. These jacks were therefore left connected to a common manifold in 
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order to provide load distribution as described by Pittman and Rine- 
hart [5]. 

Consultation with representatives of the Blackhawk Manufacturing 
Company elicited the information that the P-182 high-pressure electric- 
ally driven hydraulic pump would provide 5,000 psi. continuous pressure 
and 10,000 psi. intermittent pressure at a volumetric capacity of 
approximately 26 cubic inches per minute (see Fig. 26 for pump data). 
The pump oil tank provided a further limit because it held only enough 
oil for full travel of five rams. An additional oil supply, at the same 
level as the pump, was provided by the authors using a large rectangular 
shallow tank shown in Figs. 26 and 37. 

The pump supply of twenty=six cubic inches per minute indicated 
that seven rams could travel at a maximum rate of approximately 5/7 inch 
per minute. The authors felt that this capacity was just adequate for 
the latter part of plate-buckling runs when yielding conditions were to 
be experienced. The actual tests bore out this prediction. 

The intermittent rating of 10,000 psi. proved somewhat disappointing 
under actual test conditions. It had originally been believed by the 
authors that continuous rating referred to production conditions, whereas 
the intermittent rating would be entirely applicable to the test con~ 
ditions contemplated. The hydraulic pressure required for the 280, 000 
pound capacity of the machine is 7750 psi. Actual test runs showed that 
careful attention to the pump operating temperature was necessary when 
it was operating at 5,000 psi or greater. This limitation caused dif-= 
ficulty in buckling the first plate and prevented prolonged test runs 
which allowed full yield at higher loads. 


Considerable difficulty was anticipated with the problem of pump 
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Figure 26 


Hydraulic Pump Characteristics 


By pass ae 






Se. 


Stop Valve 


Sa Spare Tank 
—~ kiting Pugs 


ot. 
Specifications” 


General: Pump tanks 1 gallon capacity 
Recommended 011: a DTE light oil. 
Pressure hose connection: 3/8" female pipe tap. 


Motor: 1/2 HP ball bearing repulsion induction, 1725 R.P.M., 
110 volt 60 cycle AC. 


Pump: Type: wobble plate 
Pistons: lh 5/32" diameter with 1/4" stroke 
Oil capacity: 26.8 cubic in. /minute 
Pressure: continuous service 5000 psi. 
intermitten service 10,000 psi. 


Model: P.-182 manufactured by Blackhawk Mfg. Co. 
Milwaukee, Wisconsin. 


* Blackhawk Bulletin No. PM=h6 


-4,3-< 


- @ 
— 
'. 
= a 
eo <= oo 
_ —_> a) = 





control. Hydraulic controls can experience self-oscillation similar to 
feed=back servo systems. The fact that relatively thin plates were to 
be placed on edge in the loading system and tested to destruction meant 
that practically speaking a spring of variable K would be placed in the 
hydraulic control system. The possibility of a resonance condition 
existed from self=excited vibrations. To properly design the control 
system to insure avoiding the hunting effect would involve good esti- 
mates of not only the varying spring constants of all the plates tested, 
but also the effective spring constants of the rams, oil compressibility, 
and other parts of the system. This effort was not considered expedient 
and a calculated risk was taken. 

Two systems of pump control were proposed by the Blackhawk Manu- 
facturing representative. One system employed a separate bypass valve so 
that control could be achieved through a division of pump supply between 
the exterior recirculating system and the ram supply line. This system 
was considered unsuitable because of doubt that a positive shut off could 
be obtained. The system actually selected made use of the adjustable 
bypass valve already installed in the pump with the addition of a needle 
valve in the ram supply line. Between the needle valve and the ram 
manifold, a 10,000 psi capacity hydraulic gage was installed for rough 
load measurement. 

As originally designed, it was anticipated that a rough setting of 
the bypass valve would be made, while fine control would be achieved 
through use of the needle valve. This system was entirely praggjigal for 
short-duration, full load runs. However, plate testing required long 
periods of time at high loads. The throttling effect of the needle valve 


meant that the pump would have to operate at higher pressures than the 
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pressure required for the load on the machine. Overheating and stalling 
of the pump resulted from this cause on the first plate test. There- 
after, the needle valve was used only as a shut-off valve except at low 
pressures. Fine control was successfully achieved through careful use 
of the pump bypass valve alone. 

Some hunting effects were noted in plate test runs. However, it is 
difficult to say whether these effects resulted from self oscillations 
or from the effects of too large an adjustment of the bypass control 
valve. 

Because of the leakage problem, it was necessary to provide means 
for refilling the parasite rams. An extra length of hose was provided 
to be connected between ram manifolds when refilling was required. The 
drawback in this system is that the load applying rams must be prevented 
from being filled during the replenishment of the parasite rams. 

c) Test Framework (see Fig. 27) 

The design of the test framework had two major objectives, viz. to 
correct previous difficulties by providing adequate lateral restraint 
and to hold the two eighteen inch I-beam test heads up to the proposed 
280,000 pound loading. While the test bed in the Ship Structures 
Laboratory consisted of both a vertical wall and a horizontal floor, it 
was considerably easier to design the machine in the horizontal position. 
The only possible major drawback to changing Pittman and Rinehart’s 
testing jig from the vertical to the horizontal lay in the introduction 
of additional contour in the plate caused by the plate's own weight. 
Theoretical calculations using Levy’s solution showed that the worst 
maximum deflection in the contemplated test series would be 0.017". [6] 


This amount is considered insignificant because of the relative 
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inaccuracies of other measurements, and, more a since — 
gravity-induced deflection could be used to partially compensate for 
plate unfairness due to other causes. | 

The test bed itself was needed to provide a plane of reference, 
support for the great weight of the test machine, and to prevent large 
lateral distortions under load. Some form of tensile restraint was 
needed to prevent the large l~beams that were to serve as heads for the 
test machine from moving apart. Since bending loads in these tensile 
members could be provided for in other ways, large flat plates, here- 
after called bed plates, could be employed. Since full travel of both 
sets of rams was less than 10", the frame would have to be provided 
with a means of gross adjustment for varying plate sizes. It was felt 
that the simplest solution lay in a system of four bed plates with ad-= 
justable, bolted stops. Through-bolts were provided at these stops to 
counteract the movement of the eccentrically applied tensile load. The 
through=-bolts between the heads were provided to counteract the effects 
of the lateral load from the ball bearing races. All through-bolts 
were connected to the test bed to insure that the test machine remained 
planar under load. 

Considerable difficulty was anticipated in preventing the light 
l=beams of the concrete test bed from taking no more than a small portion 
of the test machine load. The load would be transmitted by means of 
friction between the bottom bed plates and the concrete test bed l~beams, 
and by means of shear in the through=-bolts. The friction effect was 
minimized by use of wood spacers which have a low modulus of elasticity. 
These wood spacers served the additional purpose of allowing room for the 


stop plate bolt heads. An elaborate lateral load shirker was designed 
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as a means of minimizing through=bolt shear. Unfortunately, the bolts 
which were actually received had considerably thicker heads than antici-~ 
pated, and the lateral load-shirker could not be fitted. As an expedient, 
standard washers were used. In defense of this expedient, it can only be 
stated that a load of 240,000 pounds has been successfully applied to 

the machine with no damage to the test bed. 

Attention was paid to the fact that load was transmitted from 
the bed plates to the heads at the outboard edge of the flange of the 18" 
I=peam. However, it was felt that local ylelding would transmit this 
load through the flange stiffeners to the web of the I-beam. Considerable 
care Was used to insure that all the stop bearing surface did indeed 
touch the I-beam flange. Considerable trimming of the I-beam flange 
support was reguired to provide this close fit. 

Holes were drilled in the bed plates to allow for adjustment of 
the stops at one end of the machine in four inch steps so that the 
machine capacity could be adjusted from approximately 6" to 2)" in line 
with the load. Through~bolt holes were also provided in similar steps. 
It should be noted that, in some cases, six instead of four through 
bolts were needed for overcoming the couple caused by the eccentric 
tensile load on the bed plates. Importunate spacing of the concrete 
test bed l-beams dictated this expedient. 

Latera]. restraint of the ball bearing raceways turned out to be 
extremely easy to provide. A simple system using l" I~beams was de- 
Signed. An unforseen dividend developed in that the lateral restraining 
l=beams provided the framework for a packaged test unit consisting of 
the ball bearing raceways, test specimen, segments, and all necessary 


test specimen wiring. Two of the I-beams were screwed to the underside 
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of the ball~bearing raceways. The other two I-beams were placed on top 
of the raceways at the beginning of each run. Adjustments for eccentri- 
city were made by using hardwood shims. The unforseen simplicity of the 
rig was that the test package could be prepared elsewhere and merely 
slid into the side opening of the machine without loosening the top bed 
plates. 

Another improvement in lateral restraint was provided by four 
additional 4" Il~beams between the ram bodies and the bed plates. This 
modification meant that lateral restraint was provided closer to the pin 
joints than before. Use of these I~beams permitted more accurate align- 
ment of the lines of action of the rams. Brass shims were necessary 
under the bases of the set of rams carrying the load cells to obtain 
alignment. 

In order to provide a strong test piece for cycling purposes, one 
of the 8" wide flange I-beams was adapted for use. A 1" round bar was 
tack=welded to each flange of the I-beam to simulate the segmented 
beedges of the test plates. Hardwood blocks and hardwood shims were 
fabricated to supply lateral restraint in a manner similar to the )" 
lebeams previously mentioned. 

A considerable margin for overload is allowed in all parts of tnis 
machine. Specifically, it was assumed that some uneveness of loading 
might occur in the bed plates. Each bed plate was therefore designed 
for a total load of 100,000 pounds, which meant a unit stress of 11,000 
psi., allowing for all lost material. Navy riveting specifications for 
chain riveting were followed for bolt arrangement and spacing. Maximum 
bolt loadings for minimum cross-sectional area with no allowance for 


stress concentrations were established at 10,000 psi. in shear, and 





15,000 psi. in tension. The lateral restraint I~beams were sized by 
space requirements alone. No buckling of the webs has been noted nor is 
any anticipated, although calculations have not been carried out. No 
calculations were carried out for either the concrete test-bed I=beam or 
the means for attaching the through-bolts to them. In both previous 
cases, ar stimate of the loading is purely arbitrary. 

In swmary, the weak points of design should be listed for antie-e 
cipation o. difficulties in future projects. The Il~beams of the concrete 
test bed and the means of attachment thereto should be watched carefully 
for signs of failure. Buckling of the webs of the lateral restraint 
I~beams under highly eccentric loads would necessitate the use of 
specially rolled or fabricated sections. Finally the through=-bolt nuts 
becoming loose under repeated use will probably indicate yielding and 
necessitate the replacement of the bolt. 

d) Load Measuring System 

The major problem in designing the load measuring system for the new 
test machine was to measure the actual total load on the plate edge, in- 
dependent of 211 friction effects. For this reason, it was felt that a 
system of seven load measuring devices placed between the rams and the 
hardened steel loading bar was necessary. The plate would then be sub- 
jected only to the forces supplied by the load measuring devices, the ball 
bearing rateways, and the opposite ram heads. The effects of variations 
in friction and retraction spring forces in the rams could therefore be 
measured. 

The load measuring devices would have to have an accuracy dependen:: 
on the particular plate to be buckled. An inaccuracy of 1/2% of 280,000 


pounds would in truth be l% for some of the plates to be tested, since 
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these plates were expected to fail at approximately 30,006 pounds loac. 

In addition, a sensitivity commensurate with the required accuracy was a 
necessity. While linearity of response Was net a requirement, it woulda 

facilitate data reduction. 

Previous studies by the authors 1n tne Experimental Stress Analysis 
haboratory wad indicated that a stress averaging system of many load cells 
was practicable. A system cf seven load cells, placed between the rams 
and the har.ened steel loading bar was decided upon. To gain in sen- 
sitivity and to provide inherent temperature compensation, two axial and 
two circumferential strain gages on sach cell were cecidea upon. 

The shape of the load cell was a compromise between a desired thin 
ness for intreased sensitivity, stability under compressive Lsads. 7am 
nections to the rams, and tc the hardened steel Losding bar, and anifooui 
stress distribution for proper function ef the strain gages (see Fig. 26). 
To eliminate bending, the strain gages had to be mounted diametrically 
cpposite to eack other. Furthermore, the gages had to be in Line wilt: 
the narrow plate so (hat maximum sensitivity would be insured. Linearsiy 
and repeatabliity of strain gage response limited stresses to the pre- 
Perticnal ligat. Spec1al steals with high preportional limit were ovt 
considerad because of poor machinavility, which resvlted in high ccsre. 
Nen-licearity ef response ruled aut the use of aluminum even though gue 
imerease in sensitivity would have resulted. Mild steel was oriyvirsiiay 


chosen, but the machinist supplied ceorreslone-resistant steel whisn ase: 


th 


not have & materially diftzrerent proprriioral 1 


ta 


Mit. 
Since each Load cell. mast carry up te O,000 pounds, the propor - 
tional limit cf 25,000 pai. determined the crossesertior&l area of the 


min body of the load cell. A digmeter of 1,.500"26.0020" was actuall 
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chosen, based on a full load stress of 22,900 psi. (see Fig. 28). Flats 
were ground on the cylindrical portion of the load cell to a depth of 
0.036" for good adherence of the gages. Loss in cross-sectional area is 
negligible. In order to secure the load cells to the ram heads, set- 
screws were used. The two inch tapered Briggs thread prevented a 
threaded >upling because it is difficult to machine the thread so that 
loads wili be transmitted to the bottom of the female end of the load 
cell and 1... through the threaded joint. The latter condition will cause 
yarying stress patterns near the load cell strain gages since the seating 
conditions may not be exactly repeatable. The one-inch depth of the 
female end of the load cell was dictated oy the need for cartilevering 
the load cell and the hardened steel loading bar. The other end of the 
Load cell was given a 3-5/8" diameter to provide the support for the 
special C-clamps and the hardened steel loading bar. 

Allowing for transition fillets, the size of the axial and cirzum- 
ferential strain gages determined the length of the pérallel middle body. 
A compromise was made between ease of attacnmnent and adequate sensitivity 
by using Baldwin A-/7 strain gages as circumferential pages near the rams, 
and Baldwin A~3 gages as axial gages. 

Calculations of the load cell sensitivity showed that a sensitivity 
of approximately seven micro~-inches per inch per 100 pounds of load could 
be expected. A rash presumption was made that. seven iscad celis would 
give seven times this sensitivity. Actual tests preved what had Leen 
forgotten, viz. multiplying the number of gages in one arm cf a strain 
indicator merely averages the measured strains unless the bridge supply 
veltage is increased. Efforts were made to sorrect this mistake by 


using an Ellis amplifier, an oscliliscepe, and an increased voltage 
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suyely “25 2 substitute fur the Baldwin Strain indicator alone. Tie 
supply voltage of the Baldwin Strain indivator cannot be increased. 

The substitute system of recording could not be surficiently shielded to 
attain sensitavity similar’ tote strain indicator alone. Therefore, 
efforts in this directis: were discontinued, and a sensitivity ef approx. 
imately °° hierG-teches Yer 1M€n Per .lU peucds rer seven lead ceils 
Wace accep ect. 

An ils vesting problem ceveloped regarding the proper electrical 
aryrnoemert, of the load cell strain gages in the arms cf the wheatstcne 
Briage. Of eaurse axaal gazes and vircumferential gages would have to 
be in opposite arms of the wihesatstone fridge. But the Baldwin Strain 
indicator jinearity limits were stipulated by the manufacturer as eighty 
to five huidred ohms per arm. In this case, each arm would have toa 
contain seven 120=chm gages. Any series parallel arrangement of gages 
Will arerape the etrains of ali the gages if the strains are identical. 
But the frietiaen and other variations in bhis case meant tnat each lead 
cell woult# expsrience a slightly dirferent load. In every case. except 


the pure series or parallel sirain gage system, one strain will be 


a 


weightea with respect to another in the averaging system. 
TS lllustrate the pheromenon and to snow the compromise sciutiny 


arrived at in the seven load celji system, Table III is arranged on the 


ey 


asis that a perfect average is obtained with seven gages in series g 
1s further assumed that cne str2in is twice each of the wther six. This 
double strain is then placed in various positions in the practicable 
eircuits. 

hesults of these calculations show that three series gages 1n par- 


allel with four series gages shows the least effect. Tc further reduce 
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TABLE III 
Practical Seven Gage Circuits for Minimum Weighting Factor 
Hypothesis: (1) Gage R = 120 ohms. 
(2) Strain induces AR of 1 ohm in 6 gages. 


(3) Strain induces 4R of 2 ohms in remaining gage 
(as starred). 


(ly) Ay proportional to strain 


(S) weighting factor equals (WF) 


weighted average strain 


perfect average strain 
Case A (perfect average) 
Sw ae a 
Total R = 840 ohms (too high) 


# Total 4R/R = 1/105 ee = a0 


Case B ire 
——19 
a¥ 


Total R = 80 ohms (satisfactory) 


* Total SF /p = 1/96 WF = 1.095 
x Total 4R/p = 1/11).2 WF = 0.918 
Case G 
= 
ee 
Total R = 300 ohms (satisfactory) 

* Total 4R/g = +/85,7 WF = 1,225 
## Total 48/R = +/110.5 WF = 0.95 
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TABLE III (continued) 


Case D 


HF 


Total R = 206 ohms (satisfactory) 


* Total 4°/R = 1/110 WF = 0.955 


#* Total 42/p = 1/103 WF = 1.020 


a 
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the possible error, the gages of #4 load cell were placed alternately 
in the series branches with 1, 2, and 3 or 5, 6, and 7 load cells in the 
arms of the Wheatstone Bridge (see Fig. 29). 

The ultimate use of three load cells presented little problen, 
since three gages could be put in series totaling 360 ohms. This re- 
sistance is well within the linearity range of the Baldwin Strain 
Indicator. Further, the arrangement is inherently a true average. 

A wiring system was required to carry out both the series parallel 
and plain series arrangement of gages. It was felt that wiring the gages 
at the load cells was not desirable because movement of load cells 
relative to one another could vary terminal contact resistance. There= 
fore, a system was designed so that leads from each gage were led to a 
switchboard. The switchboard was designed so that each load cell could 
be read individually, or the seven load cells could be averaged. By 
shorting out, two gages and opening certain switches, a three-cell series 
arrangement could be easily attained. Capacitance was reduced by using 
four=lead cable and binding each pair cof load cell cables together. 
Screw terminals were used at the load cells so that the load measuring 
system wiring could be moved independent of the load cells and strain 
indicator (see Figs. 30, 31). 

20 Procedure for Setting up Equipment 

a) Setting up Equipment. for Calibration 

Recalibration of the test machine will be necessary from time to 
time. For this reason, a careful description of the calibration proce- 
dure follows. 

The basic units required for calibration are: 


l. Beth heads, including the large nut and spacer ring for the 
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(b) THREE LOAD CELLS 





os 


i i 





im 


a et Peaanlin: 


iat ng 
ee, att | 
(Ue 


-- — A - Op «: 


ion ion 
ae 








ai) 
) 


Lis 

Re cy 
| Se 

Uy. i . 

OL =, py: 


= 
‘= . 
d = 


propaga a} anil < Leas TC DP ee A DD 5 RL "9 de 





3 + + 3 


weer” SUTITY PrBoquoyTMS 
O€ smety 


ent 





Ty] 


IJ. 


lL, 


eal [en 





DD) — tt 





tom 


lI 


B 


Ne 





upper head, and flat bar shims for aligning. 

2. Seven load cells, ram unit to which they are attached, 

and associated hydraulic hoses and manifold. 

3. Pump without spare reservoir. 

lh. Load cell switchboard, and associated wiring. 

5. A Baldwin Type L strain indicator. 

6. Five feet of 1" round bar. 

7o Ons of the two hardened Steel loading bars. 

The pump unit need not be included unless a check of the oil pressure 
gage is required, or a check of pump control is desirable. 

The major problem in making a calibration check is the safe movement 
of the heavy equipment from Building 41 to Building 1. A four-chain 
sling must be used for handling the large heads which weigh approxi- 
mately 900 pounds each. One head at a time may be moved to the re- 
ceiving entrance of Building #1, where hoisting equipment is available. 
The reason for the load limit is that whereas the elevator between the 
basement and street level of Building 41 has a safe capacity of one ton, 
the elevator has been put out of commission on oe occasions by 
loads of more than 1/2 ton. I+ is not necessary to separate the ram unit, 
Load cells, and test head for transpcrtation if a spreader is used with 
the four=chain sling to protect the load cells. One of the buckled test 
plates may be used as a spreader. 

After the equipment is hoisted into the Materials Testing Laboratory, 
the upper and lower heads are placed in the 300,000 pound testing machine 
in accordance with procedure outlined by Pittman and Rinehart. [5]. In 
essence, this procedure consists of using a small dolly to place the 


upper head (fitted with a stud) under the upper head of the 300,000 pound 
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test machine. The upper head of the test machine is then lowered over 
the stud, and a large washer and the nut are used to secure the I~beam 

to the test head. Care should be taken that the under surface of the 
I~beam is maintained horizontal by use of suitable shims. After raising 
the upper head, the lower I-beam, complete with rams and load cells, is 
jockeyed ‘nto place over the lower head. Again, care should be taken to 
shim so that the rams are vertical and approximately centered under the 
upper head. 

The hardened steel loading bar is merely laid on top of the load 
cells. The round bar is then placed in the milled groove of the loading 
bar. No lateral restraint is required for loading this arrangement up 
to 220,000 pounds (and possibly more) if care is taken to minimize 
eccentricity. 

Leads from the load cell switchboard may now be connected to the 
particular load cells required for the test (see design section for two 
particular arrangements). The load cell switchboard is best placed to 
either side of the test machine. The leads to the strain indicator may 
now be connected as shown in the diagram on the switchboard itself. Some 
difficulty will probably be experienced in balancing the strain indicator. 
This difficulty can usually be corrected by cleaning the contact surfaces 
of the knife switches with carbon tetrachloride. In addition, loose 
wiring should be looked for since vibration induced by moving invariably 
loosens the screw terminals. A steady, non-drifting zero unaffected by 
movement of the switchboard must be obtained before accurate calibration 
runs o 

The pump may then be connected to the ram manifold, and the rams 
given about a one inch extension to allow for depression of the ram 
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pistons under loads. The pump may be used for the calibration runs if 
desired. 

The actual calibration runs should be carried out with two opera- 
tors. One man may apply the load in given steps, reading off both total 
load and hydraulic pressure. The other man would then read the load 
strain indicator and record all information, 

Three total load gages are available with ranges of O-30,000 
pounds, O-150,000 pounds, and O-300,000 pounds. Each gage is supposed 
to be accurate.to A.SoToM. standards of 1/2% of its maximum range. 
Therefore, ideally, a run to loads above 150,000 pounds should employ 
each of the three gages in succession. However, extreme difficulty was 
experienced by the authors in making the three gages agree at the tran- 
sition points on both the up and down parts of the run. Therefore, only 
the gage with the smallest possible range was used for each run. The 
ideal procedure should be attempted by anyone recalibrating. The 
necessary number of loading cycles to get a repeatable zero should be 
made before calibration runs are attempted. A zero shift of less than 
ten micro=inches would be a permissible standard. If good correlation 
is obtained, only three complete runs need to be made. However, a 
series of ten cycles to one-half load should be made to check scatter. 

The disassembly and moving of the calibrated rig is essentially the 
reverse of the previously described procedure. 

b) Setting up test machine for plate buckling tests (see Fig. 27). 

Since the test machine occupies most of the concrete test bed, it 
is probable that the machine will be broken down when not in use for 
long periods of time. Therefore, a detailed assemply description is 


believed necessary. The following pieces are necessary for assembly: 
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16. 


Four ten-foot bed plates 

Eight stop plates 

The two 18" I=beam heads 

The two seven ram assemblies 

Eight 4" I-beams 

Eighteen 18" x 1-1/8" through-bolts 

Fifty-six 3" x 1-1/8" bolts 

One hundred ten nuts for these belts 

BKighteen large washers 

Woed spacers to be placed between bed plates and test bed 
Ball=-bearing raceways for the plate sizes to be tested 
Two hardened steel loading bars 

Segments required fer particular plate size 

Three flat bar shims for stop plate adjustment 

Brass shims for ram alignment 

Hardwood shims of assorted sizes for lateral restraint wedging 
Spring steel shims for segment fitting 

The P-182 high=pressure pump with associated control valves, 
and pressure gage 

The extra oil reservoir 

Seven load cells 

Two pair of the special C-clamps 

Corrugated cardboard in strips 

Load cell switchbcard 

The H--beam cycling piece 

Four hardwood blocks for lateral restraint 


The strain indicator used for calibration runs 
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17. Instrumentation for test specimens including angle bar for 

dial gage if desired. 

A carpenter's chalk line should be used to lay off two reference 
lines on the test bed I=beams for the outboard edges of the bed plates. 
The through-bolts are then fitted with the washers and slid between the 
test. bed I~beams as shown in Fig. 27. Six or four through-bolts are 
used at the adjustable end of the test machine as dictated by the re- 
quired resicaining moment (see section VII-B-l=c, Design of Test Frame). 
Lay in wood spacers using reference lines. 

The stop plates are then bolted to the bed plates using short bolts, 
leaving the required number cf holes for through=-bolts. Nuts are se- 
cured hand=tight. Each bottom bed plate is then lowered, stop plates up, 
over the through-bolts, being careful not to damage the through=bolt 
threads. The job is made considerably easier if the bed plate is sup- 
ported at only its center of gravity. and one end at a time is fitted 
over the through=bolts. One set of through=bolt nuts are threaded on 
and made hand-tight.. 

The ram unit used for load application is then secured to the 18" 
I=beam that has no stud. The other ram unit is secured to the remaining 
18" I-beam. Each complete head unit is then rotated onto its side, 
using the four-chain sling and a crowbar. Each unit is carefully lowered 
between the through=-bolts against the stop plates. The head with load 
applying rams is placed at the non-adjustable end so that the I~beam 
base plate lies between the test bed I-+beams. The second set of through- 
bolt nuts is put in place just below the level of the test heads. The 
remaining bed plates with their stop plates down are then lowered into 


position, and the third set of through-bolt nuts made hand-tight. The 
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three flat bar shims will have tc be used ahead of one pair of stop plates 
for proper fit. 

Four 4" I=-beams are lightly wedged into place next to the rams using 
hardwood shims. The ends of the seven load applying rams are wrapped in 
one inch wide pieces of corrugated cardboard, so as to provide a snug 
fit for the load cells. The load cells are then fitted to the rams, 
matching the numbers on the load cells and the rams. Care should be 
taken to 4 .zn the set screws vertically. Fit the specially designed 
C-clamps to the end load cells. Slide in the hardened steel bars such 
that they are held by the C-clamps. Slide in the H-beam cycling piece, 
so that it is between the two bars. Block the H~beam so as to provide 
alignment of the test piece round bar to the milled grooves on the load 
ing barso 

Place the P-]182 pump in a convenient position (preferably by the 
switchbeard) and connect it to the manifold of the load applying rams. 
The filling connections of the spare reservoir require that it be filled 
while on edge. Therefore, the reservoir is connected to the pump while 
the reservoir is on edge, and the pump is blocked to a suitable height. 
The pump is then lowered to the floor while the reservoir is rotated 
very carefully. The reservoir should he bisocked to maintain equal ele- 
vatien of reservoir and pump sump. 

A pressure cf S00 psi. is slowly put on the rams to align all stop 
plates, and to check fer major hydraulic leaks. All 1 1/8" nuts are then 
slugged tight, except those cn the under side of the top bed plates. The 
nuts under the top bed plates are available for bowing the top bed plates, 
sheuld the reed arise. The machine load 1s then removed, and the rams 


carefully aligned using a spirit level. The spirit level is used on the 
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ram bodies and between the centers of the milled slots in the hardened 
steel loading bar. Relatively soft, brass shims under the bases of the 
rams should be used for this purpose. The desired lateral ram spacing 
is then selected, and the l"" I~beams are firmly wedged. The angles which 
provide support for the ram bases should then be made secure, The H~beam 
should be r2aligned and firmly wedged. A hydraulic pressure of 6,000 
psi. (a load of 220 000 pounds using seven rams) is then slowly applied. 
Considerabie creaking will be noted, but the points to be watched are 
lateral movement of the H-beam or rams, or bowing of the bed plates. Of 
course, signs of failure in the concrete test bed should always be looked 
for. 

The load cell switchboard is then clamped to the wall. If three 
load cells are to be used for measuring load, switch systems 5, 6, and 7 
should be connected to load cells 3. 4, and 5. And switches ha and )t? 
should be shorted out. All other switches should be placed in the open 
position. The color code is used to connect the leads to the load cells. 
If seven load cells are to be used for measuring load, all switches are 
to be thrown toward the load cell leads, and the leads connected to 
their matching load cells. If a single load cell is to be used, all 
load cell switches except those connected to the desired load cell are 
to be opened, and the remaining four switches thrown to a position 
oppssite the load cell leads. 

The load cell straineindicator may then be placed next to the pump. 
The leads from the switchboard are ccnnected te the strain indicator 
using the diagram on the switchboard. 

If a test is contemplated within two hours. the system should be 


cycled to 6,000 psi. hydraulic pressure a sufficient number of times to 
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get a repeatable zero on the strain indicator. A zero shift of 20 
micro-inches was considered acceptable by the authors. The H~beam is 
then removed from the machine. The machine is now ready for the heb 
specimen. 

Combinations of three, five, or seven rams on each side may be used 
for different load capacities, different sensitivities, and different 
load distributions. To remove rams from the system, it is necessary to 
disconnect the Spee-D-Couples at the rams. The coupling on the loose 
end of a hose should hold against the oil pressure, but, if it does not, 
the particular line must be removed from the manifold, and the hole 
capped. Before disccnnecting the rams, it may be necessary to force them 
to retract using a crowbar. Using only three rams requires use of the 
lower half of the Ceclamps which hold the hardened steel loading bar. 
Using the upper half of the C-clamps would short out load cells number 3 
and S. Load cells #2 and #7 are constructed in a manner which allows 
the use of both top and bottom C-clamp. When five rams are used, cells 
#1 and #7 replace cells #2 and #6, leaving rams #1 and #7 retracted and 
disconnected, During the use of the machine it will be necessary to 
check the tightness of the set screws of the load cells which provide 
support. for the hardened steel loading bar. 

Two of the four remaining " I~beams are secured to the desired 
pair of ball-bearing raceways at the spacing required for the test plate. 
The assembly is then set with l-beams down at a suitable working height. 
Wiring 1s connected to the test plate strain gages as required and 
passed through the I-beam assembly to prevent damage to the wires. The 
test plate is slid into the ball=bearing raceways with any unfairness 


concave dcwn. The ball=-bearings are shimmed in place and tightened using 
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Allen set-~screws. Resin-core solder, spring-steel shims and segments are 
then attached to both free edges as described by Pittman and Rinehart (5 ]- 
The wires and gages can then be checked with an ohm meter for grounds and 
continuity. The test assemblage is slid inte the side opening of the 
machine. The other two 4" I-beams are ther slid into place. Alignment 
is checked before the assemblage is firmly wedged with hardwood shims. 
klectrical connections are completed, and the electrical system load 
cells and test specimen should be checked for grounds. The angle bar 
with the machined edge for dial gage traverses may now be placed across 
the bed plates and clamped. A period of ro more than one to two hours 
should elapse between the last icading cycle on the H-beam and the speci- 
men test. Otherwise load readings at high loads will be unreliable. It 
should be noted that oil pressure gage readings are unreliable due to 

the Bernoulli effect caused by 011 leakage and ram travel. 

Breakdown of the test machine and test specimen assemblage follow 
essentially the reverse of the above procedure. I1t should be remembered 
when breaking 911 lines, that the ram retraction springs maintain a low 
Gil pressure wniess rams are fully retracted. 

c) Load cell assembly 

Because the insides of the load cells are partly masked, a detailed 
description of the assembly of tha load cells is felt necessary to allow 
replacement of strain gages, repair of wiring, etc. The A=3 gages are 
aligned axially while the A-? gages are circumferential. All gages are 
ceated with wax as an added precaution, although replacement gages need 
not be coated. The gages are wired to brass bolts on the under side of 
wooden strips. This wiring has a simple color code using plastic spa- 


ghetti. The brass bolts are color=ceded on the top side of the wooden 
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atrips. The color~code follows: 


Lead cell 
Gages terminals Spaghetti 
circumferential t biack yellow 
gages t white white 
axial. a red black 
gages 3 green green 


The whole assembly 1s partly wrapped in electric tape to give some 
protection against side blows. The stiffness of the lead wires is a 
detriment in that direct blows are transmitted to the light gauge strain 
gage leads with no absorbticn. Therefcre, care must be taken to prevent 
reugh handling. 

The following repairs have been made since calibration. An axial 
gage for number S Lead cell haz been replaced due to a ground. A lead 
Wire to another axiai gage in number 5 load cell was broken next to the 


gage felt and repaired with @ drop of solder. 
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Figure 31 
New Test Rig with Switchbo«rd 


New test rig with cycling 
H=beam in place. Switch= 
board with leeds #1, /!2, #3, 
and #4 disconnected. 





Figure 32 


Sond View 


Cycling H=beam in place. 
ind packs #7 disconnected. 
Note round bar bearing on 
hzrdened steel bar and 
hardwood spacers in plece. 
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Figure 33 
Test Flate 


Test plate re‘dy for 
the test apparetus. Ball 
besring supports attached 
to lower I-becms, wires 
connected and segments in 
place. 





Figure 34 


Top View 


Test Plate in plece 
before inserting I~bezms. 
Note load cells, wiring, 
and hydraulic hose cou-- 
plings. 
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Figure 35 


Side View 


Test plate in place with 
upper I-beam inserted. Note 
angle in upper left corner 
used as treck for dial 
indic:tor to measure 
deflections of the test 
plate's left edge. 





Figure 36 


Overall View 


Test Apparatus 
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Figure 37 


Control Station 


Control station showing 
hydreulic pump, reservoir, 
and load indicating strain 
indicator. 





Figure 38 
Recording Station 
Strain indicators 


used to measure strain on 
each side of plate. 
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C. SUMMARY OF DATA AND CALCULATIONS 
TABLE IV~A 
Plate Data 


(a = 10.188" for all plates) 


Plate b a/b t +! A 
Desig. in) (in/in) (ine) (in.) (in?) 
hO=1/he1 43.8 0.233 0.268 @n232 3 
2 i" i 0.262 Gu? 22 11.46 
3 it " 0.26) 0.2h2 11.55 
ly i" " 0.258 0.20 11.29 
50-1 /h=ly r i 0.222 0.208 9671 
50=1,/3=1 Bec 0.310 0.226 0.207 7 ol2 
2 r rn 0.229 0.217 he51 
3 n rT 0.216 0.202 7.09 
by " " 0.222 0.210 7.028 
50-1 /2—1 21.9 0.65 09222 0.201 4.86 
2 n Mt 0.211 0.189 4.62 
3 n i" 0s2mmk 0.19h 4062 
h n i" Oaaiig 0.206 4e77 
70-1 /4y=1 43.8 0.233 0.158 0.150 6.91 
2 it it tt it tt 
3 + tt v a 1! 
} n tt st tt it tt 
70-1/3-1 32.8 0.310 0.161 0.155 5228 
2 n i 0.162 0.158 SeanB2 
3 " it 0.158 Sealey 5618 
ly tt i 0.158 0.152 5018 
70=1/2=1. 219 0.465 0.154 0.146 g237 
2 $f "8 it On Lh tt 
3 rn " it 0.148 rT 
h n i” i Ooll6 tt 


6 i?) 


8 f°] 


f°) 


We a 
MMH mOOOPO 
Of” WO NOOO WO 


G 





TABLE IV-B 


Percentage Comparison of Theoretical 
and Experimental Results 


"TOK" = Bleich 


Bleich x 100 
Plate Designation Based on t Based on t' 
hO-L/h=1 ~ 28% 6 41001 
2 ~30.5 13.8 
9 =~21.0 dp aS 
h ali. 3 3052 
50-1/h=h =82 5) =17 03 
50=1/3-1 “13.0 412.6 
Z ~ 309 ~19 05 
3 =A6); = 301 
4 = 33,0 =20,9 
50=1/2=1 =3107 ~ 7.6 
2 a reset 41,06 3 
5 P00 & 2ol 
mH =29 ol -16.h 
70=1/y-1 =38,0 ~27 5 
2 = 333 #12 09 
3 217 o9 ~ be3 
h a pean £1004 
70=1/3=1 =25 8 =1650 
2 005 = 35.6 
3 =21 07 «12 oh 
h =-lholy = ee 
70=1/2=1 #1101 #30.0 
2 #1656 #266 
3 #1849 3h ol 
hy #6005 





D. SAMPLE CALCULATIONS 
1. Determination of Load (P) 
Taking calibration data (Table VI~A-C), linearity was verified by 
plotting. Total increments of micro~inches per inch for 95,000 pounds 
were determined for each of the three runs and the results averaged. 


Total Increment 


Run #y 1696 
Run #5 169) 
Run #6 1691 


average 169), 4" fit 
Conversion factors were then determined for load application by 


three, five, and seven rams. 


Three rams: 23 ore = 5661. pounds// n/u 


Five rams: 2 x 5601 pounds Lyn /x 


a 


9307 pounds 4m jv 


Seven rams: 


win 


x 56.2 pounds/ n/t 


2 131 pounds / a / 


Conversion factors were applied to the strain measured by the load cell 
strain indicator. 
Example: 0=1/l- (seven rams) 
(C=12=100) = (0-10-1888) = 212 4"/% 


2l2 x 131 = 27,900 pounds 





2. Average otress 


All buckling critical and ultimate loads were reduced to average 
stresses. The b edge length was considered as the distance between ball 
bearing supports for reducing experimentally determined loads to average 
stresses. 

Thickness was considered as that determined by micrometer (t) and 
that determined by micrometer minus pit depths of both sides (t'). 


Example: )0-1/h-h 


4 = 0.258% 

t' 6 0,258 = 0.18 = 0,20" 

‘= oR t @ Wace 902256 = 11.29 sq. in. 

dk? =e xettee bBe8 zeOQs2hO = 10.51 sq. ino 

P it co 160.2 kips 
Ot {based on +) = Feat a 160.2 

A ply, 
« 1h.17 kips/sq.ino 

7, (based ont) = Pult _ 160.2 


Re @ O51 


RSS27 kips/sq.in. 


4) 


3. Average Strain (&a) 

The average strain at the geometrical center of the plate was 
measured as a means for quslitatively discussing results. Strains in 
the oppesite faces as measured by strain gages were averaged. 

Example: 4yO=-1/he) 

(Top gage) (A-l-1008) - (A--979) = Ey = v2.4" /" 


(Bottom gage) (0-10-1587) = (0-12-0161) = éo = 574 An /" 


MH 








% 


., 5 
HE a = £29 2 a ~272 Yr / 


~Q 
S 
| 


In some cases plate gage and dummy gage leads were interchanged and 
careful attention must be paid tc the sign. Average strain must always 
be negative. 
he Strain Difference (3) 

The difference of strains between two opposite strain gages is a 
measure of lateral deflection. Taking values of section 33 

Examples )0-1/heh 

G1 - fo = JF = 0574) «© 29 = 4 603 4n/n 

The sign of the strain increment is important, an increase in 
strain denoting tension. The sign of § is not significant except if a 
change in sign occurs in successive $ ‘5. 

S. Critical Lead (Top of the Knee Method) 

The plots of 4s versus P are the bending curves. Intersection of 
tangents to the extreme ends of the curves give values of Pand § . 
The P value is the critical load determined by the "Top of the Knee" 
method and is converted to O;~ as in section 2. The ¢ value is a 
measure of eccentricity and initial curvature. Therefore, plctting Oe 
and 46 values cbtained in a given series occasionally permitted an extra- 
polation to zero eccentricity and zersc curvature. Results were poor and 
are only qualitatively presented in Section IV, 


Eyample: 70-1/2 series 


eTOKr Oar (eased on t} Ly 
#2. 9,62 ksi 720 Yin/in 
#2 16a Ot LO u 
#2 e322 250 i 
#u 4109 ” 95 i 


“+ 
add 


2° re 2 4 e 
Oz, (extrapolated to § = G) = 11.5 kips/'sqoin. 


Te 





6. Critical Load (Southwell's Method) 


A phot of fen versus § wiii give a straight line with a slope 
equal to the critical load [ 5). Intercept with the 4 axis will be a 
measure of the initial deflection of the plate [5] but this analysis was 


not attempted. 
Examvie; 0-1 “h<) 


G = 603. u/s 

© « 93. kips 

S 603 

Wo ae VY SY - / 

7 * Gro 3 boli6 PY sip 


- s ian 
slope of +/ovs. § = 189.4 kips 
Tor (based on t) = 16.8 kips/sqoin. 
7. Critical Load (Donnell’s Method) 
A plot of }°? versus “’s determines the eritical load directly at 


the intercept of the curve with the “axis. The slope of the curve is 


the initisi equivalent deflection {5 but was not determined. 
Examples 0-L/heli 
 e- 603 4" /" 
= 93. kips 


, a Sac E. 4 <= j " 
rae Ouiee eps yr /* 


Intercept cf curve with © axis * 188.3 kips 


a 


$ 


7 


} 


Werloased on t) = 16.7 kipssqoine 


8. Theoretical Critical Stress 2) 


af =, 
Cope et Of LY kK 1 
er MC wh) a 





Example: 0=-1/h=-) 


ta 


E = 30.2 x 10° psi 


V 


0.3 (assumed) 
b = 3.8" (unsupported length) 
10.188" 
b]}2 ot 2° 
= (Bf + 200 +(§ 


18.58 + 2.0 +.0539 = 20.63 


U8) 
a 


a 
d 


fe 


OS = 294,000 t* psi. 
t = 0.258 
Toy (based on t) = 19.55 kips/sqoin. 
9. Modulus of Elasticity 


For 1,4" specimen #2 





1 3 2,552" 
Huggenberger GoFo7 = 1055 
Ww = 0.850" 
Huggenberger GoFoy = 1064 
t Ss 0.252" 
Bt*ha © « R, = 1.50 
Ro = leeelez 
At P = 1,00 ° Re z= 0,89 
q 
Re rae Qo2/ 
OW = mene = £4,505 psr 
s ao Rh -R, = 61 6 
-) Sa i Se pO eS 8 it /1 
a aR = 10% - 578 UY / 


7 f {3 = 





R - Ry 
“1064” 


2 


Et) fe oe 


6 
x 10° = ice il Ee = 799 AA 


578 + 799 
a 


plot of results 


_ BOs 
Ae 


_ 30,200 
1000x1076 


—/0/- 


689 y.. tt fit 


30.2 x 10° psi. 





E. SUPPLEMENTARY DISCUSSION 


1. Load Cell Creep 


The phenomenon which has been noted with the seven load cells is a 
peculiar one. It is characterized by increased strain at high loads 
vhen the material has not been subjected to these high loads in the pre- 
ceding few hours. It was possibie to minimize this increased strain at 
higher loads by cysling (repeated leading and unloading). Fortunately, 
3 measure co: the effect is the difference of the zero readings of the 
strain indicator before leading and after the lead is removed. 

Preszisely what this behavior should be called is open to some 
question. The material appears to act as 1f it were loaded beyond the 
elastic limit. And yet, the set in the material is not permanent, but 


riijally recovered after some time. Further, although cycling 


$0 


is Pp 
appears te "work-harden” the material, the lapse of time results in the 
return of the phenomenon even though most of the permanent set is 
retained. 

Of course, the assumption cannot be made that the strain gages are 
truly measuring the strain in the material. The characteristics of 
stress and strain which are mentioned above could be caused by some creep 
or yieid phencmenon in the glue of the strain gages or in the strain 
gage Wire itself. Of major interest 1s how leng a life the strain gages 
have besause of this continuously increasing set. The manufacturer 
stipulates a permissible limit of one perczent strain. This requirement. 
Limits the set to 10,000 micro-inches per inch per gage measured with 
the trie gage factor setting. Correcting for the gage factor which has 
been used (1.77) means that the set of the individual gage should not. 


exceed 11.400 micro-inches per inch minus the expected test load strain. 


-—-/22=- 


Since the strain measured by the strain indicator is 2.6 times the strain 
in one axial gage, the allowable set as measured by the strain indicator 
would be 29,600 mitro-inches per inch minus desired test load strain. 
Because of the requirement for cycling before the test, this test load 
strain should be 2,000 micro-inches per inch, which would leave 19,00 
micro-inches per inch of strain gage life from the last recorded strain 
indicator zero. 

Unfortunately, press of time has not permitted thorough investi- 
gation of the nature of the increased strain phenomena. This was not 
necessary for the completion of the plate buckling project as long as it 
could be cerrested. However, continued use of these load cells, es- 
pecially when new gages have to be applied, will necessitate an investi- 
gation to insure that the linearity of the stress-strain curve remains. 
2. Seven Load Cell Sensitivity Loss 

After careful calibration, little difficulty was anticipated with 
the seven load cell electrical system. The load cells were carefully 
moved with the rams, while the switchboard and wiring were moved as a 
unit. After reassembly in the Ships Structures Laboratory, the electri- 
cal load measuring system failed to indicate a load commensurate with 
that shown by the hydraulic pressure gage. A plot of hydraulic pressure 
versus load cell strain is skown in Figure 39. The seven load cell curve 
dated 2/17/55 presents the calibration results while that curve dated 
2/16 represents some data taken in the Ship's Structures Laboratory. 

At first the usual checks fer grounds, circuit correctness, and 
continuity were made. A smail ground was discovered 1n one gage and 
that gage,was replaced with ao change in the results. Runs were made 


with each individual load cell to check the readings obtained with the 


a 
a a — 
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oe 
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hydraulic pressure gage. A rough presentation of the locus of resulting 
curves is found in Figure 0. They do not exhibit the low sensitivity at 
low loads present in the seven load cell curve. Ina very rough way they 
indicate considerable friction variation among the jacks as discussed 

in Section IVD. 

Further checks were made with groups of three load cells which 
shewed ne perceptible sensitivity loss. Considerable capacitive un- 
balance was found with the aid of an oscilloscope. This unbalance was 
minimized by using various combinations of variable capacitors in the 
arms of the external Wheatstone Bridge. This had no effect on the 
sensitivity. In addition, grounding the Baldwin strain indicator to 
the test frame changed the scope picture, although the poor sensitivity 
remained unchanged. 

Since it was felt that the troucle was electrical, a precision re= 
sistor was shunted across various parts of the seven load cell circuit 
and resilts were exactly as calculated. indicating electrical reliability. 
Yet the pressure versus load celi strain data indicated an extremely 
large loss and the pressure gage zhecked out with the single load cells 
and with three load cells in series. The seven load cell circuit was 
then completely rewired at the load cells, eliminating the switchboard 
and all previously used leads. Lead length was thereby considerably 
shortened, but the poor sensitivity persisted. 

The first concrete result was found when each load cell was shorted 
out one at a time. A series of seven runs were made as presented in 
Table IX and plotted in Figure 39. The plotted loci of curves show that 
the seven lead call curve dated 3/16 18s some sort of an average cf 


? 


curves with each load cell shorted out cone at a time. However, no 
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remedy presented itself since calibration data was not available for any 
six load cell combination. Accurate data was available for load cells 
#3, 4 and 5 in a series circuit. Because of time considerations, a 
compromise was made by assuming that the three center load cells on 

the three center rams would give a good sample of load variations among 
five and seven rams. Loads were measured using a 5/3 and 7/3 factor 
respectively for five and seven ram load application. 

Difficulties with the seven load cell circuit should not have 
affected the three load cell circuit as has been shown. However, an 
element of doubt is present because the loss of sensitivity in the seven 
load cell circuit is unexplained. Therefore, recalibration of the three 
load cells appiying pressure to three, five and seven rams has been 
recommended. 

3. Load Measurement by Pressure Gage 

Originally, it was believed that the hydraulic pressure gage would 
provide a fairly good check cf the load measurement given by the load 
cells. In every case, a check of total hydraulic pressure against total 
increment of micro-inches per inch of the load cells was made before 
actual plate testing proceded. The pressure gage proved useful for this 
purpose but did not provide a gocd check during plate buckling tests. 
Figure ij, shows the results of plctting hydraulic pressure against load 
cell increment for series 59=1/2o 

In this plot, there can be seen, at high loads, a falling off of 
measured hydraulic pressure with increasing load as measured by the load 
cells. The only difference between the cycling piece and the test plate 
is that the plate is yielding, causing the rams to extend and oil to 


fiow. This oil flow past the pressure gage tap is always present at 
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higher loads when leakage 1s more pronounced. However, the increased 
flow caused by the yielding plate must produce an increasing Bernoulli 
effect such that the pressure felt by the moving rams is not that 

measured by the oil pressure gage. For this reason, it is recommended 
that no reliance be placed on the cil pressure gage for plate buckling 


data excedt 35 a gross check that the machine is net overleaded. 
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F. YOUNG'S MODULUS AND PROPORTIONAL LIMIT 

The game compression jig used by Pittman and Rinehart [s] was ele 
ployed to determine the modulus cf elasticity and proportional limit for 
two additional thicknesses. 

Briefly, the compression jig consists of a frame which contains 
grceved guide plates and a plunger=type subpress. The grcoved guide 
plates provide stability for the specimen and yet aliow lateral strain. 
Two Huggencerger tensometers of one inch gage length are movnted on 
opposite sides to measure strain parallel to the applied lcad. (See [ 3] 
for Huggenberger tensemeter cperation). The lead is applied to the 
Plunger by a suitable lcading machine thrcugh a hemisphere to reduce 
mwnecual loadings and fricticn effects. 

The specimers were cut from the same plate and in the same direction 


as were the test plates. Surface preparation included additional 


uw 


cleaning with abrasives which remeved almost all pitting, leaving uniform 
5 ‘ 


thickness of clearly effective material. 


Tests 


f 


for plate of 7/32" thickness for the 50" series were carried 
out. by Gaucher ard Rinehart on July 1, 195k). Tests for plate of 1/4" 
thickness for the “4O" serias were carried out by the authors on April 
28, 1955. Results are presented in Figures 2 and 43. 

For the 1/k® thickmess, the first specimen gave a modulus of 38 
million. Subsequent check cf the strain gages revealed faulty technique 
in that zero settings had been set. by forcing probe points, thus reducing 
sensitivity in the microscopacallv scratched area. Three subsequent. 
spesimens were successtuily tested giving easily comparable and credit- 
able results for the modulus of elasticity. Proporticral. limit results 


were somewhat more scattered but averaged well. Behavior of number three 


specimen indicates gage slippage above 15.000 psi. and the possible over~ 
restriction of lateral expansion by the grooved guide plates being set 
too tightly. 

For the 7/32" thickness. three specimens were tested. The data 
from number cne specimen does not acpear tc be reliable since the modulus 
is large, Therefore. values from this specimen were disregarded. Nun- 
ber two specimen gave a high propcrtional limit above 30,000 psi. It is 
to be sus~ected that gage slippage is again the cause although points 
Plotted consistently indicating silppage was smooth, if present. Number 
three specimen was the best giving the characteristic stress-strain 
curve of steel, although the test was not carried out to high loadings. 
The proportional. limit indivated was low however, and rather than assume 
an average between widely separated values, a proportional limit of 
25,000 psi. war assumed fox 7/32" thickness. 

The moduli. of elasticity and proporticnal limits for the three 


thickmesses are listed below. 


Thickmess E prop. 
in.) (osi) (psi) 
5/22 3%, 200,000% 25,0007" 
7852 26 200,006 25,000" 
Lh 32 200.000 25,209 


The wmodulz of elasticity were used to determine theoretical buckling 
critical atresses for comparise: with actual results. The proportional 
limits were used merely as an aid im analysing the bending and average 


stress curves for the buckled Paw Oe 
*% From Pittman and Rinehart 7 15) since thelr specimens came from the same 
plate as all the *70# series, 
** Published values because of coor ex insufficient experimental re~ 
sults [ lj. 
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Run #1 


Temp. 79°F. 


TABLE V-A 


Calibration Test 
Seven Load Cells 


Strain Indicater: 
Baldwin Type-L, #H592h1 
Gul = ded 7 

Gages Blackhawk 2~720 


Load 
indicator 


(4~in/in) 


0-6-1148 
1297 
125 
1565 
Lie 
ee 

0-8-0103 
0337 
0628 
1483 
13h 
4262 
1106 

954 
800 
67 
L90 
338 
198 
05h 
0-5-1950 


12 February 1955 
otandard: 
300,000# test machine 
MoI.T. #105 
Complete Switchboard 


Pressure 
(psig) 


1700 
2700 


3900 
4200 





TABLE V-B 


Calibration Test 
Seven Load Cells 


1h February 1955 
300,0007 test machine 

MoI.T. #105 
Complete Switchboard 


Run #2 Strain Indicator: 
Temp. 75°F. Baldwin Type=L, #H592i1 
Gwes “he 
Gages Blackhawk 2-720 


Lead Load 
poad Indicator Pressure Load Indicator Pressure 
(KIPS) (Mnin/in) (psig) (KIPS ) (“~in/in) (psig) 
¥5 O-6=10512 O 210.0 1608 5700 
10.0 1978 250 200.0 1531 5,10 
20.0 0-8-00,0 80 190.0 1457 510 
29.9 0113 760 180.0 0=8~1 380 4,880 
40.9 0190 1109 170.0 1302 1,600 
50.0 0263 1350 160.0 1225 4,300 
60.0 0338 1600 150.0 1146 oso 
69.6 O12 1870 140.0 1070 3800 
80.0 O91 2200 ae lOPne) 0995 34,70 
90.0 OS65 2,00 2020 0921 3250 
100.0 0639 2700 110.0 08),2 2950 
110.0 0716 3000 100.0 0767 2700 
120.0 0789 3250 90.0 0693 2h50 
130.0 86h, 3510 80.0 0616 2150 
ie. 0 09h 3 3800 ZOKO 0528 1850 
150.0 1018 OSo 60.0 062 1580 
160.0 1096 250 50.0 0386 1300 
12060 Wwae79 W570 40.0 0310 100 
180.0 1260 L9OLO 29.69 02 32 750 
190.0 1348 5200 2000 0167 450 
200.0 Lhe sso 1030 0105 220 
216.0 eS 7 570C 6 9~8=002 + 6) 
220.0 1679 6000 





TABLE V-C 


Calibration Test 
Seven Lyvad Celis 


Strain Indicator: 
Baldwin Type~L, #H592)1 
Game. taf / 

Gage: Blackhawk 2-720 


Run #3 16 February 1955 
300, 0007 test machine 
M,I.T. #105 


Switchboard: complete 


Note: Blackhawk P-182 in system but not applying load. 


Load Load 
Load Indicator Pressure Load Indicator Pressure 
(KIPS ) “~in/in) (psig) (KIPS) (4in/in) (psig) 
(30 kip 10.0 0502 LOO 
gage ) 45.0 O5h6 1200 
O 0-8-0129 O 50.0 058k 1310 
200 0153 ~ 55.0 0-8-0628 11,80 
oO 02.78 80 60.0 0667 1600 
5e0 0201 110 65.0 0707 1730 
8.0 0221 166 7080 O7L7 1900 
2080 02)? 200 80.0 0826 2180 
1230 0261 259 90.0 090 2h,30 
1h.0 0282 310 100.0 0982 2700 
16.0 0298 370 110.0 1062 2980 
18.0 O17 hie eos 11h2 3260 
200 0333 480 130.0 122) 3500 
2270 03252 510 YAO so 1305 3800 
on. 0 0367 580 (300 kip 
26.0 0386 620 gage) 

28.0 ol,02 700 159.0 0-8-1386 1,060 
(150 kip 160.0 168 1300 
gage* ) gage cut-out value blew out of 

30.0 O-8-0h19 770 150 kip system 
35.0 0461 900 O 0-8-0168 O 


* 150 kip gage matched to 30 kip gage at 28 kip load. 
#¥ 300 kip gage matched +9 150 kip gage at 10 kip load. 


be 





TABLE V-D 


Calibratiecn Test 
Seven Load Cells 


17 February 1955 
300,0007 test machine 
M.I.T. #105 
Switchboard: complete 


Strain Indicator: 
Baldwin Type-L, #H592u1 
Gekee 1.77 

Gages Blackhawk d=720 


Run #4 


Load Load 
Load Indicator Pressure Load Indicator Pressure 
(KIPS ) (4.in/in) (psig) (KIPS) (A=in/in) (psig) 
(30 kip 210 0053 5700 
gage) 200 0=-8~197 3 5430 
O= 8-0152 0 190 1898 
5 0218 100 180 1823 4900 
10 0273 200 160 166, 
15 032 320 150 1586 
20 0370 1,80 LL0 1510 
25 Oh? ~ 130 Lh29 
29 O52 720 120 0~8--1352 
(150 kip 100 ago 7 2700 
gage )* 90 1119 
35 C-8 =0503 900 80 1039 
ho 054.6 1020 70 0958 1950 
4S 0589 1200 60 0880 
50 0630 1330 50 0793 
SS 0676 170 LO 0711 
60 O717 1600 20 0627 
65 1756 1738 20 0-8-0538 
70 0798 1900 15 oL90 
i 0837 2910 1.0 O42 
RO 0879 2186 8 04221 
90 0959 2hh0 6 Oho2 
100 1036 2700 h Qa77 
110 Q~8 22117 2980 2 0352 
120 1198 3260 1 O31 
19 1279 3500 0 0-8-0327 
1h0 1263 3806 
(300 kip 
gage )** 
150 G28 -1h5] 1,060 
160 152 4310 
170 1630 L610 
180 722 L900 
1.90 lene 5120 
200 1915 Sh,20 
210 Q=10~0022 5700 
220 0122 5970 


* 150 kip gage matched to 30 kip gage at 29 kip lcad. 
*% 300 kip gage matched +o 150 kip gage at 1h0 kip load. 


| | 
Ae 


’ 
7 





TABLE V-E 


Calibration Test 
Seven Load Cells 


Strain Indicator: 
Baldwin Type-L, #H592h1 
Goro: 1.77 


17 February 1955 
300,000# test machine 
MoI.T, #105 
owitchboard: complete 


300 kip gage 
used throughout 


Load Run #5 Run #6 Run #7 Run #8 Run #9 

(KIPS) Load Load Load Load Load 
Indicator Indicator Indicator Indicator Indicator 
“4in/in) “~in/in) (4-in/in) AAin/in) (4~in/in) 
©) O- 8-032 3 O~- 8=0346 O- 8-0378 O- 8«03h1 O-. 8-0360 
10 04,36 O55 0,87 0458 04,75 
20 0523 OSh2 0572 0547 0563 
30 0607 0627 0655 0632 067 
ho 0692 071] 07,0 0719 07 32 
50 O771 0791 0819 0798 0811 
60 0851 0870 0898 0880 0892 
70 0929 0948 0979 0962 097k 
80 1010 1030 1058 1LOk1 1054 
90 1089 1108 1136 1119 1133 
100 1165 1183 1212 1198 1208 
1x0 122 1261 1289 127k 1286 
120 1322 1 32 1368 1358 1367 
130 1398 Ly Lhh6 Lh 32 Uhhh 
140 1478 1498 1526 151) 1523 
150 1553 1S72 1599 1589 1599 
169 163) 1654 1683 1672 1681 
170 1713 ayes 1761 17h9 1758 
180 1.790 1812 1839 1829 1837 
190 1871 1890 1919 1908 1917 
200 1951 1969 1998 1987 1993 
210 0-10-0033 0-10-0055 Ou 20031. 0-10-0071 0-10-0076 
220 0123 Oil 0169 0156 0157 
150 = O- 8-1601 0208 16108 G= 6612 O- 8=1613 
100 = 1216 1232 122k 122) 
50 0821 08 22 0826 0828 
0 O- 8-036 O- &-0366 OG Oar7 O- 8-0361 O- 8=0366 





TABLE V-F 


Calibration Test 
Seven Load Cells 


Miscellaneous Straim Indicater: 17 February 1955 
Runs Baldwin Type-L, #H592\1 300,000 test machine 
Gols: 277 M.I.T. #105 
Switchboard: complete 
Load Gage: Load Gage: 300 kip 
Short kuns Long Runs 
Run J Rum IL Run IIl Run IV Run V 
Load Load Load. Load Load 
Lead Indicator Indicator Load Indicator Indicator Indicator 
(KIPS) (#=in/in) (Q-in/in) (KIPS) (W-in/in) (#-in/in) (Qe-in/in) 
0 O~8-0362  O-8-0365 Q 0-8-0366 0-8-0366 0-8-0367 
3 01,02 04,03 SO 0818 4 = 
5 O27 027 100 Weie3 1215 ZY 
10 04.77 01,79 150 1605 aS - 
15 0522 0527 150% 160), = _ 
20 0567 0571 100 1219 ~- = 
25 0611 0615 50 0825 = - 
30 065 3 0658 0 0-8-0366 0-8-0367 0-8-0367 
20 0567 - 
10 04.76 


0 0-8-0364 0-8-0365 


* Load increased to 155 kips before reducing load. 
*% Maximum load for Runs IV and V is 100 kips. 





TABLE V-G 


Calibration Test 
Seven Load Cells 


Strain Indicator: 17 February 1955 
Baldwin Type=L, #H592h1 300, 0007 test machine 
Geek 2s 77 MoI.T. #105 
Note: Conducted after 3=-cell calibration. Switchboard: complete 
7=cell check High Load Cycling 
Load Load 
Load Indicator Load Indicator 
(KIPS ) (u=in/in) (KIPS ) fu-in/in) 
0 0-8-0467 0 O- 8-067 3 

10 0579 220 0-10-05 39 

20 0676 O w G-0/22 

30 0764 220 0-10-0552 

ho 0852 0 O- 8-07L5 

SO 09 36 220 O~ 88-0556 

60 10l9 0 O- 68-0765 

70 1098 

80 1182 (Final Run) 

90 1262 @) O=- 8-0765 
100 13h 10 0867 
110 Lied 20 0952 
120 1502 30 1034 
130 1583 SO 1197 
10 1665 100 1596 
150 172 150 1987 
160 1827 180 0-10-02 31 
170 Loi 190 0309 
180 DS pi 200 1389 
190 0-10-0102 210 0h7 3 
200 0213 220 0566 
210 0336 0 O- 8-0781 
220 O95 

0 O- 8-0673 





TABLE VI-A 


Calibration Test 
Three Load Cells 


17 February 1955 
300, 0007 test machine 
W.I.T. #005 
owitchboard: partial 


Strain Indicator: 
Baldwin Type-L, #H592h1 
GC. Ee: rw ai 

Load Gages 150 gage 


Note: Switchboard leads #5, 6, 7 connected to cells #3, l, 5 respectively. 
Switenes 3a, 32°, Sty and 3t open; switches ha and lt’ shorted. 
Runs #3, 4, 5 only applying the load. 


Preliminary Runs 


Run #1 Run #2 Run #3 
Lead Load Load 
Load Indicator Indicator Indicamer 
(KIPS ) (4=in/in) (i infin) (4=in/in) 
O O— 8=0709 O- 8.0777 O- 8-0262 
5 0797 - ~ 
10 0882 = = 
20 1058 = 
30 L287 ee a 
hO 1412 a - 
50 gee ~ = 
60 Lae . = 
70 1956 QO-10--002 3 0-10-0076 
80 0-10-0137 0201. 0255 
90 0362 0391 04.33 
> = 0513 0527 
50 O=- 8-1661 “ - 
0 O-. 8=0776 O- §-0628 O- 8-081 





TABLE VI-B 


Caiibration Test 
Three Load Cells 


17 February 1955 
300,000# test machine 
M.I.T. #105 
owitchboard: partial 


Strain Indicator: 
Baldwin Type-L, #H592h1 
a ee a a 
Load Gage: 150 kip 
Note: Conditions same as note of Table VI-A. 


Run #l Run #5 Run #6 

Load Load Load 
Load Indicator Inducator Indicator 
(KIPS) (@-in/in) (4~in/in) {u&-in/in) 
O O- 8-086) gremgore esi.) Q- 8-0877 
5 0957 0962 0956 
10 10h2 10.8 1053 
20 1218 1222 1227 
30 1396 14,02 14,07 
ha Se 1581 1582 
cO 1752 1760 1762 
60 1933 1943 1947 
70 021,002.09 O~10--0109 O=7020172 
80 0287 0298 0298 
90 04.70 04,76 079 
95 0540 0565 0568 

50 Qe 81768 a 2 

0 O= 820871 Q- 8.0877 O- 8-0880 





TABLE VI-C 


Calibration Test 
Three Load Cells 


Strain Indicator: 17 February 1955 
Baldwin Type-L, #H592h1 300, 0007 test machine 
Goi: 1L.f/ B.IsT. FROS 


Switchboard: partial 
Note: Same conditions as in note of Table VI-A. 


Load Gage: 150 kip Load Gage: 30 kip 
Check on Data Spread Check on low ranges 
Load Load 
Load Indicator Load Indicator 
(KIPS) View in) (KIPS) (W-~in/in) 
0 0-8-0880 O 0-8-0880 
50 1766 2 0920 
0 0-8-0880 \ 0955 
50 17 5 0972 
0 0-8-0880 0 0-8-0882 
50 1767 2 0920 
0 0-8-0880 by 095k 
5 0972 
0 0-8-0882 


ae 





TABLE VIL 


Effect of Loading Conditions on Number 1 Load Cell 


Strain Indicator: 15 February 1955 
Baldwin Type-L, #H592i)1 10,0007 test machine 
Gomer 2.02 M.I.T. #202 

Load Cell: 


1. Four gages in four arm bridge 

2. Cupped end fitted loosely over solid bar 

3. Other end against side of 1" rod or 
against flat base 


With 1" red Without 1" rod 
Load Strain Load otrain 
lbs. Apia in lbs. A~in/in 

O 0-6=1095 1186 0-6-1153 
2026 1187 6000 1383 
4010 1277 8002 1476 
5986 1373 10,006 1568 
8010 1470 1186 11,8 
1060 1568 

) 1.093 


y) 
a 





TABLE VIII 


Load Variation Among Individual Cells 


Strain Indicator: 


Baldwin Type L, #H592)1 
GoFos 1077 


li February 1955 
300, 0007 test machine 
M.I.T. #105 


switchboard: 


Individual cells 


Note: All readings taken while load was maintained 
at 100,000 lbs. 1000 lbs. 


Load Cell 


NONE W M FF = 


Load Indicator 
@ zero Load 
(4~in/in) 


0-6-0585 


8=1508 
8-0507 
8-081 
6-185 
6-1183 
8=+0837 


Pressure gage: 
Z=720 Blackhawk 


@)!) Load Gell 


#3 Load cell 


Load 
Pressure Indicator 
(psi) 4ein/in) 
6) 0-6-0970 
500 1091. 
1000 122): 
1500 23h2 
2000 1465 
2500 1600 
3000 1.726 
0) 0=6=0968 
O O~ 80950 
500 1092 
1000 121 
1500 1350 
2000 14,88 
2500 1611 
3000 L7hEe 
Q 0-8-0919 


Load Indicator 


@ 100, 000# 


(U~in/in) 


0-6—1 320 
10=0310 
8=12h0 
8~1608 
8~0612 
6-19 30 
8-151:0 


Load Indicator 
@ zero Load 


{t-in/in) 
0-6-0585 


8-15 39 
80502 
8-08),8 
6-1820 
6~1180 
8--0808 


18 March 1955 
All seven rams applying 
Load, Bldg. #1 


Pressure 


(psi) 


#2 Load cell 0 


500 
1000 
1500 
2000 
2500 
3000 

OQ 


#)) Load cell QO 


500 
LOOO 
1500 
2000 
2500 
3000 


Load 
Indicator 


(=in/in) 


Oz] Oma) 17 
1556 
L694 
1833 
1970 
2120 
2252 
0-10-3215 


O-10+1670 
1623 
ve 

0-12-01 30 

281 
158 
67h 

0-10-1688 





#5 Load cell 


#7 Load cell 


Load Variation Among Individual Cells 


Pressure 
(psi) 


0 
500 
1000 
1500 
2000 
2500 
3000 

0 


0 
500 
1000 
1500 
2000 
2500 
3000 

0 


Load 
Indicator 
(-in/in) 


O-8~0019 


160 
288 
412 
531 
65h 
820 


0-8-00h5 


0=10=0631 


2 
855 
980 
1107 
123k 
1361 


C--10=0632 


TABLE VIII (continued) 


#6 Load cell 


Pressure 
(psi) 


O 

500 
1000 
1500 
2000 
2500 
3000 

O 


Load 
Indicator 


(M-in/in) 


0-8-05),8 
683 

802 

ye 

1053 
1182 
1320 
0~8~05),8 





TABLE IX 
Sensitivity of Load Cells After Moving 


Strain Indicator: 
Baldwin Type L, #H592h1 
Gakie 1lol7 

Switchboard: Seven J.oad cells 
connected except as noted 


Seven Rams applying 
Load ~ Building 1 


Pressure Gage: 
Z-720 Blackhawk 


Load Load 

Pressure Indicator Pressure Indicator 
(psi) (4~in/in) (psi) @-in/in) 
All Load cells 0 0-8-0693 #3 Load cell 0 0-8-1201 
3/11/55 500 732 shorted at 500 1218 
1000 eT switchboard 1000 1250 
1500 881 3/18/55 1500 1328 
2000 978 2000 14430 
2500 1092 2500 15h 
2700 1145 0 0-8-1208 

5000 1858 
0 0-8-1173 
#1 Load cell O 0-8-1628  #l Load cell 500 1306 
shorted at 500 1755 shorted at 1000 1h 32 
switchboard 1000 186h, switchboard 1500 1561 
3/18/55 1500 1982 3/28/55 2000 1686 
2500 0-10-0250 2500 1828 
3000 352 3000 1953 
3500 186 3500 0-10-0098 
},000 61h 0 O= Ga amp? 
#2 Load cell 0 0-8-0888 #5 Load cell 0 O- 8~1290 
shorted at 500 oo shorted at 500 1285 
switchboard 1000 L094 switchboard 1000 1315 
3/18/55 1500 1221 3/18/55 1500 1385 
2000 1350 2000 168 
0 0-8-0888 2500 1568 
3000 1679 
O 0-8-1289 





TABLE IX (Continued) 


Sensitivity of Load Cells After Moving 


Load Load 
Pressure Indicator Pressure Indicator 
(psi) (Ww-in/in) (psi)  (4-in/in) 
O 28-1291 0 O— Onis 
#6 Load cell 00 1271 #3,4,5 load cells 500 1758 
shorted at 500 1272 to switches 5,6,7 1000 1887 
switchboard 1000 1291 0930, 3/2/55 1500 G=12-0021 
3/18/55 1500 1362 2000 19 
2000 Lyh3 2500 288 
2500 1541 3000 1:26 
3000 16,8 3500 571 
0 0~8=1287 1,000 709 
4500 851 
O O~8—0652 5000 1000 
#7 Load cell 250 62 5500 1150 
shorted at 500 646 6000 1302 
switchboard 1000 677 O 0~10-1660 
3/18/55 1500 748 
2000 820 
2500 91h 
3000 1012 
3500 112) 
4,000 126 
0 0-8+0648 


i 
~ 
IN’ 
~Q 

‘ 





TABLE X 
Effect of Time on Load Cell Creep 


23-24 March 1955 
Seven rams applying 
load, Building #h1 
Pressure gage: 

2-720 Blackhawk 


Strain Indicator: 
Baldwin Type L, #H592h1 
GAs: Lolt 

Switchboard: Load cells 3,h,5 
to switches 5,6,& 7 in series. 


Load 
Pressure Indicator 
(psi) (U=-in/in) 
O 0-10-1554 
1030 © 3/23/55 6000 G=12—4eg 7 
0 0-10-1599 
O 0-10-1591 
1630 3/23/55 6000 Oa 2ea7 02 
0 0-10-1610 
0 O-10~1600 
0915 3/2h/55 6000 p2le-11292 
0 0-10-1628 
0 0=10-1618 
0930 30. 3/2, /55 6000 @=] 2-1 302 
09 32 6000 OP 12=1 432 
O 0-10-1660 
O 0-10-1656 
0955 3/2/55 5000 O-12-10h,0 
100% 5000 0-12-1010 
O Q= 10-1662 


ins 
a) 





TABLE XI-A 


Data Sheet 

PL hO-1/y-1 Strain Indicators: (Baldwin) 2h March 1955 

az 10.188" Load Meas: Type L, H592h1 Ship Structures Lab 

bs 43.750" Gast ae 7 ( Bide. bi, Bol. 

t: 200" PL Gages: Type K. D=58115 Load applied: 7 jacks 
pave: 615" Ger.: 2.00 Center sling used 

% area: 60 Press. Gage: Blackhawk Z=720 Solder set @ 1000 psi. 
unfairness: Micrometer: Starrett #l36(1") Segments spaced 1/)" 


none Dial Indicator: Ames 88 
concave down (1" @ .001") 5S" extension 


Run #1 

Load Gage Top 4c Bottom 6 
Indicator Pressure Gage Gage it 
4~in/in) (psig) (/-in/in) (4=in/in) 
O-10=167 3 0 0-1-1531 9~l)=0657 
1700 1.00 1522 0617 
1750 260 1501 0627 
1800 FU 183 0608 
1850 630 1458 0586 
1900 8 30 1438 0567 
1950 1020 117 0546 

2000 1220 1396 0527 
Q=12—0050 1h10 1372 0508 
0100 1600 13448 0,87 

0150 1800 1326 O69 

0200 19909 1300 O53 

0250 2190 12 O37 

0300 2380 1252 O21 

0350 2510 1228 01,07 

O00 2700 1203 0395 

olS0 2900 1175 0382 

O75 2990 1161 0375 

0500 3080 118 0370 

0525 3170 ieee 0363 

0550 3250 1118 0358 

0575 3620 1103 0352 

0600 3410 1083 0350 

0625 3510 1065 039 

0650 3610 10hu 037 

0675 3700 1023 037 

0700 3800 1001 029 

0725 3900 0977 0352 

0750 3980 0953 0358 

0775 hOSO 0926 0365 

0800 41.30 0898 0373 





Run #1 (continued) 


Ae aes 
f foe w= 
4 aw fw 


Load Gage Top uc Bottom £6 
Indicator Pressure Gage Gage 
(j-in/in) (psig) (W-in/in) (*=in/in) 
0~] 20825 4200 0-1-0869 O~—~-038 3 

0850 ),300 080 0389 
0875 410 0802 01.05 
0900 4500 0758 Oh, 30 
0925 L550 0728 OL6 
0950 1,600 0682 04,71 
0975 4700 0635 0500 
1000 4760 0589 0528 
1025 1830 0532 0567 
1050 4.900 0472 0611 
1075 4970 0392 0665 
1100 S00 0309 0715 
1125 pump overheated 
0-10-1722 0 0-1-1547 O~L-O6)))) 





TABLE XI-B 


Data Sheet 
PL 0-1/y-1 Strain Indicators: (Baldwin) 25 March 1955 
as 10.188" Load Meas: Type L, H592h1 Ship Structures Lab. 
b: 43.750" GMs: 1.77 Bliee. lt, MILT. 
t: 0268" _ PL Gages: top-type L, H80797 Load Applied: 7 jacks 


pits: 018" bottom=type K, D-l3238 Center sling used 


% area: 60. GoFo: 2.00 Ball Bg. Shims: top 
unfairness: Pressure Gage: Blackhawk Z-720 Segments spaced 1/)" 
none Micrometer: Starrett #)36(1") 


concave down Dial Indicator: Ames 88 
(1" @ 001") 5S" extension 


Run #2 
Load Gage Top Bottom 
Indicator Pressure Gage Gage 
(=in/in) (psig) (A-in/in) (4-in/in) 
0-10-1703 0 O-14--1115 O-lj—O4 35 
1800 0320 1085 O12 
1900 0710 1042 0382 
2000 LO90 0992 0348 
O=12-0100 1490 O92 0320 
0200 1900 0882 0292 
0300 2280 0821 O27 1 
O00 2610 G53 0255 
0500 2980 0678 O25 
0600 3350 0588 02h) 
0650 3510 O5u1 02h), 
0700 3650 01,86 0253 
0750 3900 027 0268 
0800 4100 0363 0285 
0850 4280 029 3 0315 
0900 1.300 0211 0354 
0950 4.650 0099 018 
1000 4,810 O=12=1955 090 
1050 5010 1788 0632 
1100 5180 eae? 0966 
1150 plate buckled downward, loud noise 
1703 0 strain gages broken 


-~/33- 





Pixs 4YO-1/h=2 
as 10.188" 
bs 43.7508 
ts .262" | 
piteoe . O20" 
% areaz 50 
unfairness: 

ater 

bs 1/32" 
Concave down 


TABLE X1-C 


Data Sheet 


Strain Indicators: (Baldwin) 
Load Meas: type L, H592h1 
Cali dof] 


PL Gages: top - type K, D58110 
bottom = type L, H80797 


Load 


Indicator 


(4-in/in) 
0-10-17 35 


1800 
1900 
2000 


Q=12-0100 


Q2 00 
0300 


O00 


0509 
0600 
0650 
0700 
0750 
0809 
0850 
0900 
0950 
1000 
1050 
1075 


0-10-1680 


* sling removed 


Gols 03 
Pressure Gage: Blackhawk Z-720 
Micrometer: Starrett #26 (1") 
Dial Indicator: Ames 88 

(1" @ .001") 5" extension 


Gage 


Pressure 
(psig) 


Q 
210 
610 

2.000 
1380 
L750 
2160 
2490 
2880 
32h0 
3400 
3520 
3780 
3960 
41 30 
4.300 
L500 
4700 
14890 


Top 


Gage 
(W-in/in) 


0-8-3163 
aug 
Laaies 
1086 
1063 
10}, 3 
1022 
Lon3 
Od). 
1024 
1037 
1052 
LO7S 
Laie: 
eta 
Laaiail 
Lae? 
1525 
Loaee 


26 March 1955 

Ship Structures Lab. 
Bade. WL, Me1.T. 
Load Applied: 7 jacks 
Center Sling used 
Solder set @ 1100 psi. 
Ball Bg. Shim ~ under 
Segments spaced 1/1," 


Bottom 
Gage 
(4=in/in) 


0-6-0371 
OFe3 
0282 


0220, 


buckled upward, concave down 


O 


¢ 
eel an 
«7 4 





TABLE XI-D 
Data Sheet 
26 March 1955 


PL: 40-1/h-3 Strain Indicators: (Baldwin) 


a: 10.188" Load Meas: type L, HS92)1 Ship Structures Lab. 

b: 43.750" Geo swale | f Ride. Mi, W.1.T. 

t: . 26)" PL Gages: top = type K, D58110 Load Applied: 7 jacks 

pits: O11" bottom = type L, H80797 Solder Set @ 500 psi. 

% area: 50 Ger. 2.00 Ball Bg. Shims — top 

unfairness: Pressure Gage: Blackhawk Z-720 Segments spaced 1/\" 
none Micrometer: Starrett #436 (1") 


Dial Indicator: Ames 88 
(1" @ O01") 5S" extension 


Load Gage Top Bottom 
Indicator Pressure Gage Gage 
(gl-in/in) (psig) (d~in/in) (4/-in/in) 
0-10-1675 0 0-8-1882 0-8-1963 

1700 90 187), 1948 
1800 ho 187 1903 
1900 830 1820 1852 
2000 1220 1792 1803 
0-12~0100 1590 1765 1751 
0200 2000 176 1692, 
0300 2390 733 1633 
04,00 2750 1725 1562 
0500 300 p22 14.85 
0550 3300 ay 22 1h,39 
0600 34,70 1729 1392 
0650 3670 W737 1337 
0700 3800 1753 1278 
0750 1,000 1776 1278 
0800 4170 1808 1143 
0850 4,300 183 1067 
0900 480 1891 0988 
0950 4610 1947 0900 
1000 4750 0-9-1012 0803 
1025 4800 10LS 0763 
1050 1,820 1082 0718 
1075 4910 Tae? 0659 
1100 4930 1175 0602 
1125 4990 1235 0535 
1150 5080 1305 O48 
gal.) 5130 14,06 0335 
1200 5170 1507 0222 
1225 5230 1686 0025 
120 buckled upward 
55 0 


%* centered up with noise. 


uu 
wh 
4 





PL 40-1/h-h 
as 10.188" 
bs 43.750" 
tes 0258" m 
pitss .Q09" 
% area: 0. 
Unfairness: 
none 


TABLE XI-E 


Data Sheet 


Strain Indicators: (Baldwin) 


Load Meas: type L, H592\1 

Oe ier: lo fa 

PL Gages: top = type K, D58110 
bottom = type L, H80797 

Geret 20k 


Pressure Gage: Blackhawk Z=720 
Micrometer: Starrett #436 ik 


Dial Indicator: Ames 88 
(1" @ 001") 5" extension 


Load 
Indicator 


(4-in/in) 


0-10-1888 
1900 
2000 

0-12-0100 
0200 
0300 
04,00 
0500 
0550 
0600 
0650 
0700 
0750 
0800 
0850 
0900 
0950 
L000 
1050 
1085 
1882 


Gage 


Pressure 
(psig) 


0 
390 
770 

By 
1550 
Lee 
23n0 
2500 
2700 
2900 
3090 
3270 
34450 
3620 
3820 
LOCO 
4150 
4230 


buckled upward, concave down 


0 


w= {92S = 
w= 


Top 
Gage 


(Wmin/in) 
A~)=0979 


0978 
0956 
09 39 
0931 
09 31 
09)12 
0967 
0983 
1008 
1038 
1078 
1125 
LLSS 
1262 
Lae 
1512 
1688 
1925 


Bottom 
Gage 


(ein/in) 


O-12—0161 


0159 
0106 
00L,8 


O~10-1975 


1899 
Pete. 
1709 
Wee 
1587 
wore 
1433 
138 
1252 
1138 
1005 
0839 
0645 
04,05 


29 March 1955 
Ship Structures Lab. 

Bldg. hl, M.I.T. 
Load Applied: 
Solder set @ 350 psi. 
Segments spaced 1/)" 


7 jacks 





TABLE XII 


Data Sheet 
PL 50-1/h=-l Strain Indicators: (Baldwin) 29 March 1955 
ag 10.188" Load Meas: Type L, H592)1 Ship Structures Lab. 
b: 3.750" Ge: Ler? Bldg. hl, M.I.T. 
te o@ee™ PL Gages: top-type K, D58110 Load Applied: 7 jacks 
pits: bottom-type L, H80797 Solder set @ 500 psi. 


T=. 00),"" 3 B- 3 O10" 
% areas 30; 10 


Cae: cous 
Pressure Gage: Blackhawk Z~720 


Segments spaced 1/}" 


Unfairness: Micrometer: Starrett #4436 (1") 
a: fear Dial Indicator: Ames 88 
b: 1/8" (1" @ .O01") 5" extension 
Concave down 
Load Gage Top Bottom 

Indicator Mucsoure Gage Gage 

(f~in/in) (psig) (f-in/in) § (d=in/in) 

0-10=1889 O A=3-1112 0-10-05 38 
1950 220 rey O93 
2000 4,00 1103 01,56 

O=12=0100 800 1107 0373 
0150 1000 Der 3 0323 
0200 L190 112 0268 
0250 1370 113) 0208 
0275 170 1153 0173 
0300 1550 1165. 0138 
0325 16,0 1182 0099 
0350 1760 Tze? 0056 
0375 180 1225 ©C11 
O00 19 30 1256 0=8=1956 
O25 2070 1288 1897 
O50 2130 13> 1832 
04,75 220 1382 1766 
0500 2250 14.38 1683 
0525 2 h0 1508 1592 
0550 2550 1612 1159 
0575 2600 Lee 1335 
0600 2700 18h6 1189 
0625 2800 A=);-1038 775 
0650 2900 A=~)j~1501 O=8=05 32 

0-12-0660 ~ buckled up, concave down 

0=10-1879 0 





TABLE XIII-A 
Data Sheet. 


Strain Indicators: (Baldwin) 


PL 50+1/3+1 , 
Load Meas: type L, H592hi 


as 10.188" 


1 April 1955 
Ship Structures Lab. 


be 32.813" GoM. L777 Eigse, Hi, M1.T. 
we 3226" PL Gagess top-type K, Du3238 Load Applied: 5 cells 
pits: bottom-type L, H80797 Solder set @ 00 psi. 


Gel og 200k 
Pressure Gage: Blackhawk Z-~720 


T-,00)'" sB-.Q15” 
% areas 303 50. 


Unfairness: Micrometer: Starrett #436 (1") 
at pone Dial Indicator: Ames 88 - 
3 3/16" (1" @ .001") 5" extension 
Goncave down : : 4 
Load. Gage Top Bottom 

Indicator Pressure Gage Gage 

@-in/in) (psig) M-in/in) (4—in/in) 

0-12-0770 8) 025-00] 2 O-10=1052 
0800 110 0005 1031+ 
6900 500 0905 0975 
1000 900 0867 09 31 
LLO0 127G 0628 0879 
1200 1610 797 0821. 
1300 2000 OF 62 O761 
14,00 2390 07 36 0697 
1450 221.0 O725 0661 
1500 2710 OFel 0622 
1550 2890 O722 0582 
1600 3570 C7 31. 0529 
1650 3220 0752 O66 
1790 3390 0788 0381 
1750 3500 Q855 0272 
1775 3610 O89 3 0211 
LeC0 3700 0958 0128 
1825 3780 1067 C006 
i850 3870 138 0-8-2903 
1875 3920 1278 175k 
1900 ~ 1522 1h92 
1925 - 19535 1086 
1930 couckled up . concave down 
0702 0 


% ne center sling 





TABLE XIiI-~A 
Data Sheet 
Strain Indicators: (Baldwin) 


PL 50+1/32+1 1 April 1955 


a: 10,188" Load Meass type L, H592h1 Ship Structures Lab. 
Be 32001™ Ce ea Blidge. Wl, M.I.T. 

os CC O- PL Gages: top-type K, Di3238 Lead Applied: 5 cells 
pits: bottom-type L, H80797 Solder set @ 00 psi. 
T= .00)"sB-.015" Gos 20h 


% area; 303 50. Pressure Gage: Blackhawk 2-720 


Unfairness: Micrometer: Starrett #436 (1*) 
as none Dial Indicator: Ames 88 
bs 3/16" (1" @ .001") 5" extension 
Goncave down : an 
Load. Gage Top Bottom 

Indicator Pressure Gage Gage 

@-in/in) (psig) @-in/in) (Y4-1n/in) 

Q=12=0770 ) G25-00] 2 O=10=] 652 
0800 L10O 0005 10.31% 
6900 500 0905 0975 
1000 900 0867 09 31 
11.00 1276 0628 0879 
1200 16190 197 0821 
1300 2000 OT 2 0761 
14,00 2390 07 36 0697 
150 2510 0725 0661 
1500 rile rel 0622 
1550 289C 0722 0582 
1LE00 5870 OF 31. 0529 
1650 3210 0752 01,66 
1700 O70 0768 0381 
1750 3500 0855 0272 
Lge 363.0 089 % 0211 
1200 3700 0958 01.28 
1825 37 80 1067 0006 
1850 3870 17.38 0-8-2963 
1875 3920 1278 175u 
1900 ~ 1522 Lh92 
1925 = 1935 1086 
19 30 ouckled up - concave down 


0702 


*% ne center sling 


QO 





TABLE XIJI-B 


Data Sheet 


PL 50-1/3-2 Strain Indicators: (Baldwin) L April 1955 

as 10.188" Lead Meas: type L~H592h1 Ship Structures Lab. 
bs 32.813" GeFot 1.77 Baie. iy Mek.T. 

tv .229" PL, Gages: top-type K, D43238 Load Applied: 5 jacks 
pits: bottom-type L. H80797 Solder Set @ 350 psi. 


T= ° 003" 3 Be ° 009 " 
% areas .Q; 50. 


GeoF.. a 27@h, 
Pressure Gage; Blackhawk 2-720 


Unfaimess: Micrometer: Starrett. #36 (1%) 
es fair Dial Indicator: Ames 88 
bs 3/16" (1" @ .OOL") S*® extension 


Concave down 


% buckled down = concave up. 


“ea 


nS 
~~) 


Load Gage Top Bottom 
Indicator Pressure Gage Gage 
§A-in/in) (psig) (4~in/in) (A-in/in) 
O=12=0700 0 Qe-4=1582 O-LO-L1I11 

0800 360 L5 32 1082 
0900 760 2.468 1060 
1.000 1110 1403 LOL2 
11.00 1430 iL BiB 1028 
1200 1800 1246 1020 
1300 2220 1145 1032 
1,00 2600 1005 1081 
1500 2960 0825 1172 
1550 3100 0696 Leg 
1600 330 0522 1389 
iees 3390 Oh 32 11,80 
1650 3,80 0308 1585 
1675 - 0131 1762 
L760 3670 O- 308 31 BOO 
Be 371.0 0506 O--12=0327% 
O-].2-0663 o 





PL 50-1/3-3 
as 10.188" 
bs 32.813" 
titie.o 2a" 
pitss oOLO" 
% areas 20 
Unfairmess? 
az none 
bs 1/y 


Concave down 


Load 
Indicator 


(a~in/in) 
O=12-1000 


TABLE XIIi-~-C 
Data Sheet 


Strain Indicators: (Baldwin) 
Load Meas: type L, H592u1 
Cols tedleacad ¢ 
PL Gages: tep~type K, D58115 
bottom=type K, D58110 
G.F.: 2.04 
Pressure Gage: Blackhawk 2-720 
Micrometer: Starrett 4436 (1") 
Dial Indicator: Ames 88 
(1" @ ,OOL") 5" extension 


7 April 1955 

Ship Structures Lab. 

Bid@ouwds] , 4. IeT. 
Load Applied: 5 jacks 
Solder Set @ 300 psi. 
Load Cell Edge: 

Sta. 1 ~ 9" out from 

center 
Sta. 2 = center 
Sta. 3 = 9" in from 


center 
ican Sie. 2 Sta. 3 
height height height 


Cale ) (in. ) (ine 


o400 0 395 >» 360 


1100 
1200 
1.300 
14,00 
1500 
1600 
1700 
1800 
1850 
1900 
1932 


Gage Top Bottom 
Pressure Gage Gage 

(psig)  (H-in/in) (W~in/in) 

0 0-5-0729 O=-l=1855 

390 0762 1922 

780 0807 1962 
1160 0852 1999 
1510 0898 0-5-1037 
1910 O9L5 1G 
2300 0987 1103 
2690 1048 1123 
3050 116 1111 
3280 123 1056 
3420 1482 0842 


buckled down = cancave up 


500 


20 ol2h > 380 
ol 71 486 0438 
olt96 »502 61 
o 504 050) 063 
» 387 355 » 360 





TABLE ATII-D 
Data Sheet 


Strain Indicators: (Baldwin) 
Load Meas: type L, H592l1 Ship Structures Lab. 
G@ef.: 1.77 Bldg. ll, M.I.T. 
PL Gages: top-type SI, D43238 Load Applied: 
bottom-type L. H80797 S jacks 
GoFoe 2.0k Set Solder @ 300 psi. 


PL 50-1/3-h 1 April 1955 

as 10.188" 

bs 32.813" 

we ocee™ 

pits: T~.00\s;B-.008" 

Garea: 303 60 

Unfairness: same Pressure Gage: Blackhawk Z=720 
a: 1/32" for 6" Micrometer: Starrett #36 (1") 
bs: L/h" Dial Indicator: Ames 88 

Concave down (1" @ ,O0L") 5" extension 


Load Gage Top Bottom 
Indicator Pressure Gage Gage 
(u~in/in) (psig) (u-in/in) (W-in/in) 
0-12-0882 O 0~5~0680 O~LO=—1 331 

0950 210 0652 1316 
1000 1,00 0622 1302 
1100 800 0557 1278 
1200 1190 09 3 1260 
1300 150 018 eS) 
1350 1760 0367 1258 
1,00 1980 0303 1268 
1450 2180 02 38 1285 
1500 2390 01,8 1320 
1550 2590 0052 1368 
16CO 2740 O--—-0858 14,38 
1650 2980 0697 1oe7 
1700 3150 0505 L7@2 
1725 3250 0362 1826 
1750 3330 0178 1985 
e775 3,00 0-3-0818 O~12-0221 
1785 buckled downward (concave upward) with noise 
O=12=~0777 O gages broken on plate 


Notes buckled unsymmetrically across short dimension. 


—/4 I. 





PL 50-1/2~1 
aé 10.0] 88" 
bs 21.875" 
t: eof 
pits: 


T-,006"; B-.015" 


% area:lQ: 
Unfaimess? 
a: fair 
bs 1/32" 
Concave down 


Load 
Indicator 


(~in/in) 


O-L)=1152 
1200 
1300 
11,00 
1500 
1600 
1700 
1800 
1900 

0-16-0000 
0100 
0200 
0300 
0,00 
04,30 
1215 


TABLE XIV-A 
Data Sheet 


Strain Indicators: (Baldwin) 
Load Meas: type L, H592)1 
Gef.: £77 
PL Gages: top-type K, D58115 
bottom-type K, 158110 
@. F.: 2 Oh 
hO Pressure Gage: Blackhawk Z-~720 
Micrometer: Starrett #136 (1") 
Dial] Indicator: Ames 88 
(1" @ O01") 5" extension 


15 April 1955 

Ship Structures Lab. 

Bide. yl, M.1.T. 
Load Applied: 3 jacks 
Set solder @ 300 psi. 
Load Cell Edge: 

Sta. 1 - 6" out 

Sta. 2 - center 

Sta. 3 = 6" in 


buckled downward, concave upward 


OQ 


Gage Top Bottom 
Pressure Gage Gage ota. 1 Sta. Sta. 3 
(psig) f##-in/in) W-in/in) (ain. ) Cle, (tag...) 
O 0-6-0158 0-5-1003 0276 o ae os 
zo0 Ohl? 0976 
590 OOS 0912 
990 W357 a8&s59 BY, o2h3 sone 
1390 0297 O811 
1800 0229 0763 
2200 0163 0722 
2566 0089 0688 0298 oft 3 secon 
2980 0007 0656 
3310 0-8-1925 06h. 
3710 1802 C642 
1646 069 3 2313 292 0298 
1398 08},2 
0672 1500 





PL 50-1/2=2 
as 10.188" 
bs 21.875" 
Gs cia 
pits: 
T=,015"; B= .007" 
% areas .k0; 0 


TABLE XIV-B 
Data Sheet 


Strain Indicators: (Baldwin) 
Load Meas: type L, H592h1 
GOr.s 1377 
PL Gages: top=type K, D58115 
bottom-type K, D58110 
GoF.: 200M 
Pressure Gage: Blackhawk Z=720 


15 April 1955 
Ship Structures Lab. 
dey fi, B20. 7. 
Load Applied: 3 jacks 
Solder Set @ 300 psi. 
Load Cell Edge: 
Sta 1) <6" owt 


Unfairness: Micrometer: Starrett #36 (1") Sta. 2 ~ center 
as far Dial Indicator: Ames 88 Sta. 3 = 6" in 
bs 1/16" (1" @ .001") 5" extension 
Concave down 
Load Gage Top Bottom 
Indicator Pressure Gage Gage ova. 1 Sta. 2 Sta. 3 
(y-in/in) (psig) (U-in/in) (/-in/in) (in. ) (aie ) (in. ) 
O-1h-1226 0 0-6-0718 O=h=-05 38 0276 0275 ofte 
1300 280 0685 0506 
11,00 660 0637 0458 
1500 1060 0592 0398 28h 0283 o2f9 
1600 1120 0553 0343 
1706 1800 0508 0288 
1800 2200 0,67 0227 
1900 2560 O21 0168 
0-16-0000 2900 0379 0101 
0100 32 30 O30 0028 » 308 » 308 Peli 
0200 3570 0318 O+2-1952 
0300 3890 032 18,7 
0350 3990 0392 1759 o 31k ool o 3Lh 
o,00 4100 O72 164h 
ohS0 4220 06,2 14.35 
0S00 4330 089 4 2145 
0550 hh2o w og WR 08 38 
0575 S00 1362 0618 
0600 4530 1602 0360 
0625 L550 Q27=71126 O--1-097 
0650 h500 O-7=1790 Q=0=0195 
Q675 buckled upward, concave down 
1525 0 





PL 50-1/2=3 
a: 10.188" 
bs 21.875" 


TABLE XIV-C 
Data Sheet, 
Strain Indicators: (Baldwin) 


Load Meas: type L, H592h1 
G, F 3 eof / 


15 April 1955 
Ship Structures Lab. 
Bldgs kh, M.1.T. 


t: e211" PL Gages: top-type K, D58115 Load Applied: 3 jacks 
piss Cs bottom=-type K, D58110 Solder Set @ 300 psi. 
T=,012"%3 B=,005" Ger.: 2G Load Cell Edge: 
% Area: 0; UO. Pressure Gage: Blackhawk Z~720 Sta. 1 = 6" out 
Unfairness: Micrometer: Starrett #436 (1") Sta. 2 ~ center 
as: fair Dial Indicator: Ames 88 ; Sas f= & ah 
bs 1/64" (1" @ .001") 5" extension 
Concave down : . 
Load Gage Top Bottom 
Indicator Pressure Gage Gage Sta. 1 Sta. 2 Sta. 3 
(&=in/in) (psig) W~in/in) (4-in/in) (in.) (an. ) (in. ) 
0-14-1525 0 0-6-0292 0-5-0811 0280 of fk 0278 
1600 290 O27 1. 0761 
1700 699 025 0692 
1800 1.060 Q222 061.8 
1900 1450 0211 0535 » 300 sa97 029k 
0-16-0000 1840 0206 Oh, 31 
0100 cen 0218 6320 
0200 2590 0251 0288 
0300 290 0316 0021 0337 350 0 339 
04,00 2290 O20 O= 32-1808 
0500 3630 0625 196 
0550 3810 0790 lew 362 0315 » 358 
Q600 3980 Oc 1032 
0625 1,000 1143 0852 
0675 110 1343 0589 
0685 4.200 1858 C=] 1652 
1546 buckled upward, concave down 





TABLE XIV-D 
Data Sheet 


Strain Indicators: (Baldwin) 
Load Meas: type L, H592h1 
int lataet 
PL Gages: top-type K, DS8115 
bottom-type K, D58110 
GeF.: 2@h 
Pressure Gage’ Blackhawk Z+720 


15 April 1955 
Shap Stametures Lab. 
Blige Ly. Mol..T. 
Load Applied: 3 jacks 
Solder set @ 300 psi. 
Load Cell Edge: 
Sta. 1 = 6" out 


PL 50=1,/2-4 
az 10.188 
bs 21.875" 
We oll OP 
pitss 
T=.009"s B-.003% 
% areas 503; 0. 


Unfairness: Micrometer: Starrett #436 (1") Sta. 2 = center 
4a: fedr Dial Indicator: Ames 8 Stas 3 = 6" in 
b: 1/6)" (1" @ ,001") 5 extension 
Concave down 
Load Gage Top Bottom 
Indicator Pressure Gage Gage ota. 1 Sta. 2 Sta. 3 
(d-in/in) (psig) (4=in/in) (4%-in/in) (ines ) Ging) (in. ) 
O=L) =] 52 0 0-5=059 8 0-102 le) ° 2 ff 1 ° 2 67 ° 26 8 
1.600 200 asés 9182 
1700 550 0567 0108 
1800 920 0555 003k, 
1900 1320 O5L5 0+2-19h0 » 302 0285 0282 
0-16-0000 1,680 OShé6 1842 
0100 2070 0563 1723 
0200 2h10 O60? 1578 
0300 2780 0672 1Lu.09 0 3.46 323 0 313 
Oh.00 31.00 0802 19 / 
C500 320 CSg0 0927 
Q550 3580 212 O72 
0600 3710 1285 Q522 o 342 340 » 347 
0650 3880 L659 0362. 
0675 3910 1562 O2h2 
O700 4000 17h0 0005 
0725 O10 0=0=1056 O-)-LL62 
0760 buckled upward concave dow 


1610 


0 


4 7 o_ 
. das om, a] 





SABLE XV-A 
Data Sheet 
31 March 1955 


PL 70-1/u=1 Strain Indicators: (Baldwin) 


as 1Osi6a" Load Meas: Type L H592i) Ship Structures Lab. 
b3 43.750" oy eae La Bldg. hil, me A 
t: 158 PL Gages: top ~ type SI, Dh3238 Load Applied: 7 jacks 


Bius: oO@hr bottom ~ type L, H80797 
% area: 50 G.Fs3 2.0h 


Center Sling Used 
Solder set @ 350 psi. 


Unfaimess: Pressure Gage: Blackhawk Z=720 
az: 1/16" Micrometer: Starreti #436 (1") 
b: fair Dial Indicator: Ames 88 


Concave down (1" @ ,OOL") 5" extension 


Load Gage Top Bott om 

Indicator Pressure Gage Gage 

(-in/in) (psig) (-in/in) (4-in/in) 

O-1L2=0259 QO 0=5~1168 0-10-0282 
0300 150 Tey 0290 
0350 330 120? 0052 no unfairness~support removed 
0375 Wie 1355 Q- 3-1968 creaking 
0,00 500 1435 2857 no unfaimess 
O25 610 15239 Lieu 
0450 70 1578 1548 
0475 800 1872 1.308 
os00 900 0-62-1275 0881 no unfairness 
0525 LO0C 18L2 O95 
o5hs O27--1652 O-4~0081 ultimate buckled upward 


O29 @) concave downward 


a os 
coe ow 
ee 4) 





TABLE XV-B 


Data Sheet 
PL 70-1/h~2 Strain Indicators: (Baldwin) 31 March 1955 
a: 10.188" Load Meas: type L, H592)1 Ship Structures Lab. 
b: 430750" EF: 1.77 Bldg. Wil, M.I.T. 
t: 158" PL Gages: top=type SI, Dl3238 Load Applied: 7 jacks 


Center sling used 


pits: .00)" bottom-type L, H80797 
Solder set @ 300 psi. 


% area: 50 Gols Ol 
Unfairness:same Pressure Gage: Blackhawk Z-720 


a: 1/6)" Micrometer: Starrett #36 (1") 
bs 1/16" Dial Indicator: Ames 88 
one end 


(1" @ .OOL") 5" extension 
Concave up 


Load Gage Top Bottom 

Indicator Pressure Gage Gage 

(U-in/in) (psig) ein/in) (#in/in) 

0-12-0258 0 0-5-1198 O~1L0=0179 
0300 180 1172 0155 
0350 320 Lis? O122 
04.00 520 lige 0089 middle support not removed 
O50 710 1085 0056 
On78 820 1075 003 
0500 900 1056 COOLS 
0525 1000 1058 0-8-1988 
0550 1090 2.053 1969 
0575 1180 1048 19,3 
0600 1280 1046 1915 
0625 1350 1056 1873 
0650 14,00 1139 1L7hi2 
0666 “= buckled upward with very small buckle 


0261 


0 


0-9-1527 


— (3 j—, 


0-4-1127 





MM, 7021/ii-3 
as 10.188" 
bs 43.750" 


t: 0158" 


pits ar) oo," 
% area: 50 
Unfairness: 
a: 1/32" 
fair 
Concave up 


be 


Load 
indicator 
(4-in/in) 


O~12-0258 


0300 
0350 
oL0c 
0425 
O50 
0475 
0500 
0525 
0550 
0575 
Coed 
0258 


TABLE XV-C 
Data Sheet 


Strain Indicators: (Baldwin) 
Load Meas: type L, H592h1 
Gereteed:. 77 
PL Gages: top = type SI, Dl3238 
bottom = type L, H80797 
G.F.: 2.04 
Pressure Gage: Blackhawk Z~720 
Micrometer: Starrett #436 (1") 
Dial Indicator: Ames 88 
(1" @ ,001") 5" extension 


31 March 1955 
Ship Structures Lab. 
Bie, kL, wm. YD, 
Load Applied: 7 jacks 
Center sling used 
Solder set @ 340 psi. 


Gage Top Bottom 
Pressure Gage Gage 
(psig) f-in/in)  {4~in/in) 
0 0-5-0898 0-2-1888 
170 O86 1897 
320 0775 1911 fair = supports removed 
500 0686 192 
610 0635 1962 
710 0578 1991 
800 CS07 0-10-0036 
B90 OLS 0098 creaking 
1000 0291 0192 
LO9C 0075 0365 
1180 O=-01,78 0826 
buckied concave upward 
0 < - 


PL 70~1/h-h 

at 10.160" 

be 930570" 

we 2856" 

pits: 00) 

% area: 50 
Unfairness: same 


as 3/6)" 


TABLE XV-D 


Data Sheet 


Strain Indicators: (Baldwin) 
Load Meas: type L, H5921 


Gear's: es 7 ¢ 

PL Gages: top=type SI, Dl3238 
bottom=-type L, H80797 

G.dt & 2.04 


Pressure Gage: Blackhawk Z-720 
Micrometer: Starrett #436 (1") 


1 April 1955 
Ship Structures Lab. 
Pilags 4, Y1.T. 
Load Applied: 7 jacks 
Center sling used 
Solder set @ 280 psi. 
Top gage: 10 meg. 
ground 


bs 3/8" 


Concave up 


Load 
Indicator 


(-in/in) 


0=12=0875 


0950 
1000 
1050 
1075 
1100 
Lies 
1150 
1175 
1200 
1225 
1248 
0876 


Dial Indicator: Ames 


88 


(1" @ .OO1L") 5" extension 


Bottom 
Gage 
(Y-in/in) 


0-10-1031 
1030 
1028 
1032 
1038 
1048 
1063 
1092 
1136 
1212 
Lh29 


support removed 


fair log 


buckled downward, concave upward 


Gage Top 

Pressure Gage 
(psig) (a~in/in) 
0 0-057 3 
210 0513 
100 0455 
580 0,07 
680 0377 
780 0343 
880 0301 
970 0251 
1060 0183 
1150 0078 
120 O=3-0758 

0 


—~/42G~- 


A=)~0365 





PL 70~1/3-1 
az: 10.188" 
bs 32.813" 
% 3 ol61" 
Paitss. .O6B" 
% area: 90 
Unfairmess:; 
as fair 
bs 1/16" 
Concave down 


Load 
Indicator 


(4-in/in) 


0-12-0978 


1050 
1150 
1200 
1250 


Lage 
1300 
1.325 
1334 
0952 


TABLE XVI-A 


Data Sheet 


Strain Indicators: (Baldwin) 
Load Meas: type L, H592l1 


PL Gages: top ~ type K, D58115 
bottom ~ type K, D58110 


Pressure Gages: Blackhawk Z-720 
Micrometer: Starrett #36 (1") 


GoEoe Lo? 


GF. 8 2.0% 


Dial Indicator: Ames 88 
(1% @..00L") 5" extension 


Gage 


Pressure 
(psig) 


O 
280 
650 
8h0 

1020 
Lue 
1220 
1320 


7 April 1955 

Ship Struetures Lab. 

Blige. Wl, ML.T. 
Load Applied: 5 jacks 
Solder set @ 300 psi. 
Load Cell Edge: 

Sta. 1 = 9" out 

Sta. 2 - center 

Stan 3 = 9" in 


Sta. i Stay, 2 meas 3 
Gime) (in. ) Cisne: ) 
0379 o3t3 06 
oh 18 ol29 oles 
olj80 0507 olt90 


Top Bottom 
Gage Gage 
(4~-in/in) (yin /in) 
0=-L-1518 0~5--09 37 
1485 1055 
1341 1316 
1163 Loo 
0827 i991 
OSOL 0-6-1108 
Q=-3-0912 O--7--1178 
0=2-0275 O-9-1502 


buckled upward, concave down 


OQ 


aan 5 oi 


a 


"ohh 78 0524 052k 
0595 0645 0595 


st * 
“segments interfere 





TABLE XVI-B 


Data Sheet 
PL, 70-1/3+2 Strain Indicators: (Baldwin) 12 April 1955 
az 10.188" Load Meas: type L, H592h1 Ship Structures Lab. 
bs 32.8238 Goma lear] Fike. lode, Jos. DT, 
tue ohkoe" PL Gages: top~type K, D58115 Load Applied: 5 jacks 
pies ~ 902" bottom-type K, D258110 Solder set @ 300 psi. 
% areas 60. Gull. te Zils Load Cell Edge: 


Sia. i “se AL Gia 
Sta. 2 = center 
Stao 3 = 9" in 


Unfairmess:same Pressure Gage: Blackhawk Z-720 
as 1/32" Micrometer: Starrett #436 (1") 
b: 1/16" Dial Indicator: Ames 88 

Concave down (1" @ .OO1L"®) 5S" extension 


Load Gage Top Bottom 
Indicator Pressure Gage Gage oma. 1 Sits 2 Gita 3 
(A~in,/in ) (psig) Wein/in)  GWeinfin) ( igaes ) (dears) (amas ) 
O->Lbyeo 107 0 O-6-0),06 0=)j-0689 » 260 » 229 oA? 
L200 380 0506 O47 
1300 74,0 0809 0-- 3-097 2 v292 0263 cI 
1350 950 Lamy O20 
14,00 1120 Cu. FeL2h7 0-1-0982 0393 037k 2 380 
125 1210 G-B8=1120 0-0-0712 
LWhh9 buekled upward - fair 
1030 0 A-5~081 3 B=] -06h42 


he 


' : 
‘ = 
i 
2 ° - -« . ee al 
' 

< ’ | 
? mes 

+“ 
a " 

‘ — 
| 





PL 70=1/3=3 
ae 10.888" 
b: 32.813" 


ts 158" 


piltte? «005" 
% agea: 60 
Unfairness: same 


a: 3/6," 


b: 1/8" 


Concave down 


Load 
Indicator 


faurin/in) 


Q--1)y-1050 
1100 
1200 
1250 
1275 
1300 
1325 
130 
2360 
1375 
1390 
1400 
14,02 
1032 


Strain Indicators: (Baldwin) 
Load Meas: type L, H592k1 
CRs 77 

PL Gages: top=type K, D58115 
bottom~type K, D58110 
Gar. 82 son 
Pressure Gage: Blackhawk Z-720 
Micrometer: Starrett #36 (1") 


TABLE XVI-C 


Data Sheet 


Dial Indicator: Ames 88 
(1" @ .COl") 5" extension 


Gage 


Pressure 
(psig) 


O 
200 
580 
780 
830 
960 

1030 
1100 
Levee 
EzeD 
1260 
1300 


Top 
Gage 
(u-in/in) 


0=5-06 37 
0696 
0952 
way 3 
1,03 
162 

0-6-1000 
1367 
1808 

Q.7 21261 

0=8.-1568 

0=-10-12))2 


Bottom 
Gage 
(d4-in/in) 


0-5-0511 
0386 
Q022 

O-=07L8 
O76 
0200 

0-2-1 78h 

QO~2=1 372 
0815 
02 38 

Q=-0--OL25 

B--7--0h08 


Buckled upward = loud snap 


0 


A-lj~1128 


B-1+1017 


—/52- 


22 Mpril, 1955 


Ship Structures Lab. 
Bee. Wa, B.1.7. 
Load Applied: 5 jacks 
Solder set @ 300 psi. 
Load cell Edge: 
Sta. 1 =~ 9" out 
ota. 2 - center 
vues 3 = 9" im 


Sta. 
(in. ) 


029k 


o 341 


ota. 2 Sta. 3 
(in.) Cine ) 
oT 0261 
» 336 o See 
0407 0 393 





PL 70-1/3-h 
as 10.188% 
b: 32.813" 
t: 158" 
pits: 003" 
% areas 50. 
Unfairness: 

ae far 

b: 1/32" 
Concave down 


Load 
Indicator 


{d= infin) 


O=Li=20L0 
1100 
1200 
1250 
1300 
1325 
1350 
> 
1390 
14,00 
1410 
Lu15 
1022 


TABLE XVI-D 


Strain Indicators: (Baldwin) 
Load Meas: type L. H592h1 
Gels: lL. 
PL Gages: top = type K, D58115 
bottom = type K, D58110 
Geer? FON 
Pressure Gages Blackhawk Z-720 
Micrometer: Starrett #436 (1") 
Dial Indicator: Ames 88 
(1" @ .001") 5" extension 


12 April 1955 

Ship Structures Lab. 
Bil@e. Hi, 4.1.7. 
Load Applied: 5 jacks 
Solder set @ 300 psi. 
Load Cell Edge: 

Sta. 1 - 9" out 

ota. 2 ~ center 
Sta. 3 = 9" in 


Gage Top Bottom 
Pressure Gage Gage ova. 1 Stay 2 Sta. 3 
(psig) Yein/in)  (4--in/in) Cm.) en.) (in. ) 
Q 0--6=0667 O-h=1 331 o2ey sau6 e225 
220 0671 1245 
600 0752 1025 seg. 02 34 sane 
800 086 0860 
990 1.039 0581 
1080 1210 0360 
1170 1h77 Q=3-1031 ° 347 0353 0 347 
1260 1947 0458 
1300 0=8.-0L,66 Q=-1=1829 
1340 1261 O82 
1.350 0-9-1683 0-0-0017 


buckled upward, concave down 
0 broken gages 


Gd 





TABLE XVII-A 


Data Sheet 
PL 70-1/2=1 Strain Indicators: (Baldwin) 
at 10.286" Load Meas: type L, H592\1 


bs 21.875" Gites: lag?'7 
t: 15h" PL Gages: top=type K, D58110 
Rides . bottom-type K, D58115 
T=.006"; B=.002" GaP or 2 OW 
% areasS5O; 20 . Pressure Gage: Blackhawk Z-720 
Unfairness: same Micrometer; Starrett #436 (1") 
as 1/16" Dial Indicator: Ames 86 
bs 1/8". (1® @ .001") 5* extension 
Concave down 


Load Gage Top Bottom 
Indicator Pressure Gage Gage 
(/=in/in) (psig) (4ein/in) w-in/in) 
OmLy=-1LL21 0 0-6-0587 O-h-1625 

1200 310 0582 1522 
1300 700 0607 1.362 
1.350 900 0656 129 
1L00 Li0O O72h 1116 
1450 1290 68 37 O96 
1500 14.80 0985 O7 32 
1550 1670 1229 0418 
LSPS L750 13h 0278 
1600 1850 1472 Onz0 
1625 1960 1618 0.~2+19 30 
1640 2000 1735 1781 
1650 2060 1822 1669 
1675 2140 1976 1hh8 
1690 2200 0-8-0077 1288 
1700 2220 0215 1077 
L7a 2 330 04,00 Q7h2 
1749 2390 Oie2 002 
L7U1 puckled upward, main bend near loa 
10388 @) 0-6-0387 2 0.53082 pla 


~-/§4- 


14 April 1955 

Ship Structures Lab. 
Bide. thy BI.T. 
Load Applied: 3 jacks 
Solder set @ 300 psi. 
Load Cell Edge: 

Sta. 1 ~ 6" out 

ota. 2 =~ center 

Sita. 3 — GF im 


ota, 1 ovary 2 Sta. 3 
inom (aaa ) (in.) 
one » 308 o2th 
o 320 o 3390 »280 
eoec 0 355 eo ez 
Belly » 390 > 343 
° 367 04,08 ° 363 

d cell 


te torn near ballbearing 





PR 7021,/2=2 
as 10.188" 
bs 21.875" 


TABLE XVII-B 
Data Sheet 
Strain Indicators: (Baldwin) 


Load Meas: type L, H592h1 
GoPoe Lol? 


1 April 1955 

oni Gerietures Lab. 
Bileee 114 MOLT. 
Load Applied: 3 jacks 
Solder set @ 300 psi. 
Load Cell Edge: 

Stas 1 =< 6" out 

Stas 2 = center 

Sta. 3 - 6 in 


in 


im 
i 


ts ot5h" Pl, Gages: top=type K. D58110 
pits bottom-type K, D58115 
T=. 003" s B+. 006" G, Bota Ok 
% areas 20; hO #£Pressure Gages Blackhawk Z~+720 
Unfairness:? Micrometer; Starrett #36 (1") 
a: fair Dial Indicator: Ames 88 
bs 3/32! (1" @ COL") 5" extension 
Concave down 
Load Gage Top Bottom 
Indicator Pressure Gage . Gage 
(-in/in ) (psig). (g4-in/in). (4-in/in) 
O-1h-1096 0 0-6-0276 O=6=-0201 
1200 410. Q217 O119 
1300 820 On 37 0055 
1400 1190 0068 Oe-b-1985 
1500 150 0008 1899 
1520 1798 0028 1818 
1609 1L9L0 O10 1660 
1650 2120 0629 1.100 
1675 2220 0958 0755 
1699 2280 wel? 0523 
1.700 2210 126? O20 
1710 2330 1382 0293 
172 24,00 . 1589 01.07 
L7y0 eW20 L661. 0-3-0949 
1750 2500 1766 0803 
L7eC 2510 1985 OL07 
RM 2580 C=BoGROB, Que OOO 
1.78), buckled upward. concave down 
ree a 9 D6 L032 O- 2.0827 


of, ly Stam 2 Sta. 3 
( tate") (in. ) (in. ) 
se7Ta e292 ae5 | 
Sie 0 3LL 2 305 
0337 me ue 6335 
o sft 029 0375 
cuits oli7S ol 30 





FL 70-1/2=3 
a3 10.188* 
bs 21.075" 


te ol5hn 


pitss 


T-.002"5 


G areas 10; 
Unfairnesss 


as 


bs 1/16" 
Concave down 


fair 


Load 
Indicator 
(H=in fin) 


O-} 1-12.00 


Be ° oo” 


TABLE XVIT-G 
Data Sheet 


Strain Indicators: (Baldwin) 
Load Meas: type L, H592),1 
GeFos Boe 
PL Gages: top-type K, D58110 
bottometype K, DS8115 
G. me: 2.04 
40 Pressure Gage: Blackhawk Z~720 
Micremeteré Starrett #436 (1") 
Dial Indicator: Ames 88 
(1" @ ,OOL") 5" extension 


ad ~- 


14 April 1955 

Ship Structures Lab. 
dc. We, Mul. T. 
Load Applied: 3 jacks 
solder set @ 300 psi. 
Load Cell Edge; 

Sta. 1 = 6" out 

Ota. 2 - center 

Sta. 3 ~- OF in 


LZOC 
1300 
3,00 
1500 
1550 
L600 
1650 
L675 
1700 
1725 
170 
1756 
1766 
177k 
LLO9 


Gage Top Bottom 
Pressure Gage Gage ota. l Sta. 2 Ste, 3 
(psig) (Wein/in) (d-in/in) (in. ) (im. } jn. ) 
Q Dab 99 O—-5--Oh79 0256 set 3 0265 
370 rere ey 0382 
77¢ 1187 0258 
L150 1258 0067 0286 eo5L 0 309 
1510 Lh4s Ome L FL? 
L710 L672 14, 38 
1920 a9 Bo Let. o 387 0 378 o Shh 
2120 Cra Pe O2 32 OTS 
2220 CAL¢ 0519 
2326 a576 0309 0 375 oh 10 0 372 
2h06 0350 S=2-9850 
21,80 Lous GOO 
2500 126 GO89 
2540 1596 OaC--L425 


buckled upward, concave down 


QO 


Camb Ch 32 


B-9-O772 


TABLE XVII-D 


Data Sheet 
PL 70-1 /241; Strain Indicators: (Baldwin) 14 April 
az 10,.188* Load Meas: type L, H592h1 Ship Structures Lab. 
bs 21.8752 GoF.: Ver? Bldgs ll, M.1I.?. 
te ol5i" PL Gages: top=type K, DS8110 Lead Applied: 3 jacks 
pits: bottom=type K, D58115 Solder set @ 300 psi. 
T-.003% Be.005" G.F.3 2008 Load Cell Edge: 
% areas Pressure Gage: Blackhawk Z+-720 Sta. 1 = 6" out 
hOs 5 (partial) Micrometer: Starrett #436 (1") Sta. 2 = center 
Unfaimess: Dial Indicator: Ames 88 Sta. 3 = 6! Gn 
g fair (1" @ .0O01") S" extension 
bs 3/32" 
concave down 
Load Gage Top Bottom 
Indicator Pressure Gage Gage ota. 1 “Sta. 2 “Gea. 3 
Moin/in) (psig) (G=in/in) {4--in/in) (in. ) (in. ) Gin.) 
OmLy=111), 9 0-5-0682 03-1730 °270 » 288 of Te 
1200 300 C659 1671 
2 300 680 0589 163.7 
11,00 1050 05 37 ioe 0290 0315 0283 
1500 11¢ O98 148 
1550 1.600 OL9s5 1.385 
1600 1600 15 32 1282 0 306 » 341. , 302 
1650 2000 0689 Lov. 
1675 21.00 0897 0857 
1700 2190 Lic? O62 » 336 ° 375 o 330 
1725 2280 1.388 O251 
170 2310 2£62 OL71 
1750 2 360 1671 6052 
1760 2380 L755 C=1--1968 
L779 zh10 0-6-0857 1850 
1780 2142;0 09 39 172 
1790 24,80 L008 1652 
1800 2190 1079 1553 
1820 21,80 T14s 1u55 
2.820 2560 igi 1335 
1850 2600 172 Ct 1.005 
1875 2700 1688 0342 
1890 2700 QO~7aL LO? C-O--O0617 
1900 buckled upward, concave dom 
1142 O A--2=1202 Be» 30065 





TABLE XIX 
Modulus Data 


1 July 195k 
Gaucher and Rinehart 


Instruments: 

Huggenberger Tensometers? 
#2195 GF. = 1055 
#2201 GoF. = 1064 

Micrometers: 
Starrett #36 O-1", 2#—3" 

Lead Applications ' 

M.1.T. #202 capacity 10,000 lbs. 

Hemisphere head = ESA Laboratory 

Special specimen frame - Structures Laboratory 


Specimen #1 1% 2.550" we 0.842" + = 0.1875" 


Load H #2201 H #2295 Load H #2201 H #2195 
(Ibs) Gage Gage (15s) Gage Gage 
Reading Reading Reading Reading 
@) 1.53 2ol3 6620 0.25 0.3) 
520 1.36 Lol lene Tee 3 
1015 1.21 e895 6720 Low Bee ea 
1565 1.075 Weel, 6775 0,86 0.80 
1995 0,98 Lol5 6835 0.52 0.405 
2530 0.85 1.04 6896 0.26 0.03 
3010 O.75 0.935 1 oe. pene) 
4460 0.65 0,82 6905 1.28 1.09 
3980 0.56 0.070 69,0 0.95 0.67 
4375 0.505 0.56 6950 0.58 0. 3k 
h6us Os 0.495 1.52 1.58 
5100 OC Oo 3h 6980 1 se3 1,16 
5uh0 CesT Ce 23 6965 02h -0.0h 
5900 0.43 0.0K 1.54 1.446 
eis) 4 oht9 7035 0.63 0.51 
6250 1 3uS Lot2s 9040 
E475 0.65 Ooo 





TABLE XIX (Con't.) 


Specimen #2 1 = 2.5508 wa 0.825" +t = 0,187)" 
H #2202 H #2195 H #2201 H #2195 
Load Gage Gage Load Gage Gage 
(lbs) Reading Reading (lbs) Reading Reading 
o) LoS 15h £580 c.18 0.295 
155 1.39 £253 5845 0.15 0.265 
290 Le 34 052 Madly 1.33 
720 22k els 3 5990 2.405 1. 305 
1235 a, 1.0325 6225 1.36 1.26 
1720 1.00 Bg21 6825 onres 0, 36 
2300 0.88 1.095 Lees Tit 7 
2755 0.77 0.99 685 0.61 00465 
3270 0.66 Ooc7 6960 0.19 ~9.111 
3720 0.56 0.765 Lae 1.52 
L269 0.5 0, 6& 6985 0.59 Osor 
715 0.35 0.512 7OLG Ook O. 3h: 
SOLO 0.20 Ooh 1.56 1957 
52.70 0.26 0.39 7100 0.96 Lola 
5 380 0.22 Oo hy 7075 0.15 0.35 
Specimen #3 1 2.550" w= 0.84y" t = 0.187" 

Load H #220 4 #2196 Load H #2201 H #2195 
(lbs) Reading Reading (los) Reading Reading 
© 1.52 1065 WouS LokS 
485 1039 Loe’S Bye) 1.39 1... 36 
1025 126 10265 5425 1. 1.315 
15 oly Bo135 eA EB 1039 Lowe 
2055 LoS 1.025 5760 1.25 1.18 
2635 0095 0.865 6050 1.16 1.08 
o> 0.89 Oo775 6185 Ls iif 1.00 
3605 O,77 Co58t 6365 ep 0.91 
3975 0.71 Oo k6E 61:65 0.89 0.63 
1535 @.61 0265 6590 Oot 0.19 

950 Oo5h M6490 





TABLE 2 
Modulus Data 


28 April 1955 
Gaucher and Reed 


Instruments: 
Huggenberger Tensometers: 
#2195 G.F. = 1055 
#2201 G.F. = 1064 
Micrometers: 
Starrett #436 OeL", 2823" 
Load Aprlication:; 
Moiolo #201 capacity 50,000 lbs. 
Hemisphere head ~ ESA Laboratory 
Special specimen frame - Structures Laboratory 


Specimen #1 1 = 2.552" ws».0O.850" +¢= 0.253" 

Load H #2195 H #2201 Load H #2195 H #2201 
(lbs) Gage Gage (los) Gage Gage 

| Reading Reading Reading Reading 
Q 1.06 165k 7570 1055 LEO 
4:70 We10 1.35 8000 1.50 1.01 
970 Leo; 1021 8200 0,23 0.92 
1500 i: 8. 1g 8250 =O. 30 0.83 
1970 0.9), 1. OR lage 0.83 
2h, 30 Oog5 09h 8320 0.99 0,86 
2970 Oma 0,85 8120 0.96 0.87 
3579 0.67 QmeS 8310 0.80 0.0% 
3980 C059 Qo7e 8220 Oo@2 0,89 
LLG 9.051 CoTh 8250 ORT 0.89 
5000 Caled. O07 8170 0.33 0.89 
S20 CQ. 34 0.72 8230 =0.07 0,87 
6010 0.23 0.70 9,25 Os0T 
6530 0.12 C47 1 0 ©,87 
4.60 Lo? 8255 Lae@o 0.75 
7070 4058 lewo 8220 0.18 0.22 








TABLE XX (Con't.) 


Specimen #2 1 = 2.552" wW0.850" + = 0.2528 
Lee H #2195 oH #2202 . 
. 2 Load H #2 
7 oe : #2195 H #2201 
) ading Reading (lbs) Reading Reading 
0 1.50 wee: 

470 Leh9d 0.97 preg pet — 
1030 3 0.85 ame rhs. 
1600 1435 0.75 6450 = = 
2040 1.28 0.68 ~ $4 a ~ ae 
2580 1.18 0.59 7530 5198 198 
31440 1.020 0.51 7810 = vs 
3620 1,05 Coble 8730 as 08 
39140 0697 0.39 ' 
4400 0.89 to -_ asa ie 

ne 7 me 
ay 0.79 On17 8050 @252 @r7), 
Specimen #3 12 2.552" we#O.850" + # 0.2525" 
Load H #2195 H #220, . 

_ 721 2 Load H #2195 H #2201 

(lbs, Reading Reading (lbs) Reading risaene 
0 Le 34 2 

960 1.8 oe — a ee 
1520 1.25 1.06 Are rid ed 
2Qh0 1016 0.99 6 ra ce re 
21,80 1007 C92 7480 ye We 
3220 0695 0.80 an * Ome 
3660 589 0°76 ing ae <. 

000 0.8 0.70 a ee 
L490 O88 0.61 ee + ae 
4950 anes 0.53 +7 A 1.38 1.8 





TABI XX (Gorn'é. ) 


Specimea #l L = 2.552" weQOQ850" +t = 0,253! 

Load H #2195 H #2201 Load H #2195 H #2201 
(lds) Reading Reading (lbs) Reading Reading 
0 Lots Tee 18 Weds2 
B70 1.30 0098 6600 1. 37 Le 30 
940 126 0.90 7010 1.28 Lin QB 
1559 LeL6 0.80 71:90 1.18 1e15 
nO 1.09 Cu, 3 7970 1.08 eo'O7 
21:30 Led 0.65 82,0 0.99 106 
3069 0.90 Oo5 833.0 0.6); 0.99 
31:60 O. 66 Oo ue 81109 OF 1:6 Oo 97 
4030 0.76 GO. 36 8,90 0. 30 0.96 
520 0.68 Oo29 oO 0,66 
OED Oso. Os oO. R500 0.70 O3 85 
BhhO 0.53 oll? 8550 6.20 0.di 

A06S Ook? 0..0n 
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